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to  the  Universal  Postal  Union ;  indemnity  for  lost  registered 
articles ;  collection  of  customs  duties  upon  foreign  books 
received  by  mall ;  treatment  of  other  dutiable  articles  in 
the  mails ;  foreign  mail  statistics ;  protection  to  postmas- 
ten  in  x>cr8on  and  property ;  the  new  classification  of  mail- 
matter ;  lottery  letters;  our  iK>stal  service  compared  with 
that  of  England  and  fYance ;  disposal  of  valueless  papers 
on  file ;  the  new  edition  of  the  postal  laws  and  regulations ; 
the  Postal  Guide;  the  Washington  City  post-office;  the 
Philadelphia  post-office ;  results  of  a  count  of  all  matter 
mailed  during  the  first  seven  days  of  November,  1879. 
BepoTt  of  the  Fir9t  J98istant  Po8tm€uter'General: 
Statistics  of  free  delivery ;  operations  of  the  appointment 
division ;  increase  and  decrease  of  post-offices. 
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Subject. 


Part 


Fofltmastei^Generaly  report  of  the — Continued, 
Rmori  of  the  Second  Aasietant  PosimaeUr-  Omeral : 

Annual  cost  of  inland  transportation;  contracts;  railroad 
service;  estimates  for  1881;  the  special  fund  for  proper 
flAcilities;  delivery  of  mails  by  ralhroad  companies  m>m 
stations  ro  post-offices ;  pay  for  carrying  the  mails  on  rail- 
road routes;  Australian  mails;  adjustment  of  railway  pay; 
the  chief  clerk ;  star  service ;  defects  in  present  laws  regu- 
lating increased  payment  for  increased  service ;  increase  in 
star  service;  demsiencies;  fast  mail  to  Havana ;  mail-bagi^ 
mail-catchers,  &c.;  fines  and  deductions;  cost  of  inla^ 
transportation ;  explanation  of  tables. 

Table  A.  Showing  the  character  of  the  mail  service,  length  of 
mail-routes,  number  of  miles  of  transportation,  and  the  coat 
thereof,  at  the  close  of  the  contract  year. 

Table  B.  Exhibiting,  b^  States,  the  railroad  service  in  oper- 
ation June  30,  18^,  with  the  cost  per  mile  of  annual  trans- 
portation. 

Table  C.  Exhibiting  the  steambcMt  service  in  operation  June 
30,1879. 

Table  D.  Showing  the  increase  and  decrease  in  the  amount 
and  cost  of  mail  transportation  in  the  several  States  and 
Territories  during  the  year  ended  June  30, 1879. 

Table  E.  Showing  the  weieht  of  the  mails,  the  speed  with 
which  they  are  carried,  the  accommodations  for  mails  and 
agents,  the  trips  per  week,  and  the  rates  of  pav  x>er  mile 
per  annum  on  railroad  routes  in  States  in  which  the  con- 
tract term  expired  Juno  30, 1879,  and  also  in  other  States 
and  Territories;  the  returns  having  been  obtained  with  a 
view  to  the  readjustment  of  pay  in  accordance  with  the  act 
of  March  3,  1873,  and  used  also  in  accordance  with  the  acts 
of  July  12, 1876,  and  of  June  17,  1878,  in  the  case  of  read- 
justments taking  effect  on  and  after  July  Ij  1876.  This 
table  is  accompanied  with  an  alphabetical  index  of  the 
titles  of  the  companies  carrying  the  mails. 

Table  F.  Showing  the  rear(^ustment  of  the  rates  of  pay  per 
mile  on  railroad  routes  in  States  and  Tenitories  in  which 
the  contract  term  expired  June  30, 1879,  and  also  in  other 
States  and  on  certain  new  routes,  the  adjustment  of  the 
rates  based  on  returns  of  the  weight  of  the  mails,  the  speed 
with  which  they  are  conveyed,  the  accommodations  for 
mails  and  agents^  wad  the  number  of  trips  per  week,  in  ac- 
cordance, with  the  act  of  March  3,  1873,  and  with  tne  acts 
of  July  12, 1876,  and  of  June  17, 1878,  in  the  case  of  read- 
justments taking  effect  on  and  after  Jul^  1.  1876.  This 
table  also  is  accompanied  with  an  alphabetical  index  of  the 
titles  of  the  companies  carrying  the  mails. 
Index  to  Table  E. 
Index  to  Table  F. 

Table  G.  Stating  purchases  of  mail-bags,  locks,  keys,  catch- 
ers, &.C. 

Table  H.  Statement  of  contracts  for  mail-bags,  catchers,  (&c. 

Table  I.  List  of  railway  post-office  lines  in  tne  United  States 
June  30, 1879,  showing  tne  increase  and  decrease  in  the  serv- 
ice sinee  June  30,  1878. 

Table  K.  Description  of  the  railwav  post-office  lines  con- 
tained in  Table  I^  and  also  of  all  route-affent  and  mail- 
route-messenger  lines,  giving  the  contract  designations  of 
the  routes,  the  corporate  titles  of  the  railway  companies, 
the  railway  mail-service  designations  of  the  railway  post- 
offices,  the  distances  between  termini,  and  number  of  miles 
of  annual  service,  the  number  of  round  trips  per  week,  the 
number  and  dimensions  of  the  railway  post-office  cars  in 
use  on  each  railroad,  and  the  amount  of  the  service  per- 
formed by  day  and  by  night,  being  a  consolidation  of  tables 
K  and  L  of  the  report  for  1878. 
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Subject. 


PoKmaster-Creiieral,  report  of  the — Continued. 
Mf/>rt  of  the  Superintendent  of  the  Bailway  Mail  Service: 

Railway  post-office  clerks;  roate-agents— mail-route  meflseu- 
gers — ^k>cal  mail-ageuts ;  necessity  for  rea^jastmeut  of  sal- 
aries of  employes  of  railway  mail  service ;  cnief  head  clerks 
should  be  allowed  traveling  expenses — ^reclassification  of 
employ^  recommended;  number  of  employes;  comparative 
statement  of  mail  service ;  extension  of  i>ostal-car  service 
in  the  South;  errors  in  distribution  by  employ^;  errors  in 
distribution  by  postmasters;  case  examinations;  list  of 
casualties:  uniforms:  conclusion. 
jtoort  of  Third  Asetetant  Poetmaeter-  General : 

Explanation  of  accompanying  tables;  operations  of  finance 
division;  operations  of  postage-stamp  division;  operations 
of  registration  division;  files,  records,  and  mails;  division 
of  dead  letters ;  compensation  of  postmasters ;  estimates 
£Dr  appropriations;  condition  of  appropriations;  receipts 
and  eiqpenditures;  receipts  and  disbursements  at  Treasury 
depoaitoriee ;  receipts  and  disbursements  at  depository  post- 
offices;  issues  of  postage-stamps,  &.c. ;  statistics  of  dead- 
letter  office ;  statistics  of  registration. 

Ocean  mails,  pavments  for  transportation  of. 

Postal  service  of  England  and  France,  report  by  W.  A.  Knapp, 
chief  clerk  Post-CSfice  Department: 

The  British  postal  organization;  appointments;  salaries; 
uniforms— discipline  branch :  transportation  of  mails;  reg- 
istration ;  telegraphs — ^postal  savin^banks^dead  letters ; 
the  French  postal  service,  administration  and  appoint- 
ments; rules  governing  appointments;  salaries;  pensions; 
lei^stration ;  money-orders;  post-offices  and  postmasters — 
railway  service ;  dead  letters— depredations  and  special 
agents;  revenues  and  expenditures  in  England  and  Fiance; 
condnsions;  safety  of  registered  matter  in  France  and  En- 
gland. 

Lottery  letters  in  the  mails,  opinions  and  argument  of  the 
Assistant  Attorney-General  for  the  Post-Office  Department. 

Results  of  an  actual  count  of  mail-matter  originating  at  some 

of  the  principal  x>ost-offices,  and  upon  all  railroad  and 

steamboat  lines,  during  the  nrst  seven  days  of  November, 

1879. 

Bepcrt  of  the  Auditor  of  the  Treaewryfor  the  PoeUOffiee  Department : 

Collection  of  post-office  revenues;  revenue  account  of  the 
Pdst-Offloe  Department ;  summary  of  revenues  and  expend- 
itures; deficiency  appropriations;  mail  transportation; 
statement  of  collecting  division — accumulation  of  valnelesB 
files ;  statement  of  audited  accounts ;  postal  receipts  and 
expenditures;  miscellaneous  payments:  condition  ox  appro- 
priations; revenues  and  expenses  of  me-dilivery  offices: 
money-order  business;  weignt  of  foreign  mails;  statsaaeni 
of  receipts  and  losses  by  postmasters  for  1877-^8. 

Alphabatical  index. 
Ptetmaster-General : 

Letter  from,  relating  to  section  S33  of  the  postal  laws  and  reg- 
ulations  

Letter  fh>m,  relative  to  the  use  of  the  mails  for  lottery  purposes. 

Letter  from,  transmitting  a  report  of  all  allowances  made  to 

contractors  during  the  fiscal  year  ending  June  30, 1879 

hst-Office  Department,  quarterly  accounts  of  the  Treasurer  of  the 

United  States  on  account  of  the 

President  of  the  United  States,  annual  messa^  of  the 

Message  from,  transmitting  a  report  relative  to  the  consulate 
atHonff-Kong 

Message  m>m  the,  transmitting  a  report  from  the  International 
Polar  Congress *. 

Messaee  from,  transmitting  the  report  of  the  pubUe  huid  oom- 
tniMri^Ti ....^ ^.  ,».^ , 
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Subject. 


President  of  the  United  States — Continued, 

Message  from,  transmitting  reports  relative  to  expatriation 
and  slavery  in  China 

Message  from,  transmitting  areport  from  the  Secretuy  of  State, 
relating  to  the  immigration  of  Chinese  to  the  United  States 

Message  from,  transmitting  the  desk  upon  which  the  Declara- 
tion of  Independence  was  written 

Message  from,  transmitting  copies  of  correspondence  in  rela- 
tion to  the  Interoceanio  Canal 

Message  from,  relative  to  compensation  of  United  States 
marshals 

Messase  from,  in  relation  to  the  unsettled  claims  of  Spanish 
inhabitants  of  East  Florida  dnrins  the  years  1812  and  1813 

Message  from,  relating  to  commercial  reports 

Message  from,  relating  to  papers  in  case  of  A.  H.  Emery 

Message  from,  with  his  veto  of  special  deficiency  appropria- 
tion bill ^ 

Public  lands  commission 

Public  lands,  depredations  on 

Public  lands,  report  of. 

R. 

Kailroads,  statistical  abstract  of 

Keal  property  acquired  by  the  United  States , 

Kefunding  of  national  debt,  and  specie  resumption,  letter  from  the 
Secretary  of  the  Treasuiy  transmitting  papers  and  documents 
relating  to 

Removal  of  wrecks 

Reports,  annual,  of  various  heads  of  departments  and  subordinate 
officers.    (See  accordine;  to  name  of  head  of  department). 

Retired  list  of  the  Army 

Retired  list.  Army  officers  on  the 

Rock  Island,  111. ,  harbor  at 

Rock  Island  Rapids , 

Rocky  River  Harbor,  improvement  of 

S. 

Sacramento  River,  mining  d^Sbris 

Saint  Croix,  Chippewa,  Wisconsin,  and  Mississippi  Rivers,  sur- 
veys on 

Saint  Croix  River,  relative  to  the  improvement  of 

Sand-bars  and  deposits  near  Mare  Island,  California 

Secretary  of  the  Interior,  annual  report  of  the.    (3  volumes) 

Embracing:  Volume  1.  Indian  Affairs:  Agricultural  and 
herding;  Indian  freighting  and  mechanical  pursuits;  edu- 
cation; government  of  law  on  the  reservations;  Indian 
police;  sale  of  arms  and  anununition  to  Indians;  Indian 
Territory;  White  River Utes:  Southern Utes;  Victoria  and 
the  Southern  Apaches ;  Chief  Moses  and  his  people ;  Poncas ; 
general  conclusions.  Puhlie  Lands:  Depredations  on  the 
public  timber  lands;  redwood  and  big  trees  of  California; 
private  land  claims.  Geological  Survey :  Public  lands  com- 
mission. Bureau  ofBailroad  Accounts:  Union  Pacific  Rail- 
road; Central  Pacific  Railroad;  Kansas  Pacific  Railway; 
Central  Branch  Union  Pacific  Railroad;  Sioux  City  and 
Pacific  Railroad;  Texas  and  Pacific  Railway;  Southern 
Pacific  Railroad;  Northern  Pacific  Railroad;  Saint  Louis 
and  San  lYancisco  Railway ;  Burlington  and  Missouri  River 
Railroad,  in  Nebraska;  Denver  Pacific  Railroad;  Oregon 
and  California  Railroad;  Oregon  Central  Railroad;  appen- 
dix, recommendations,  &c.  Pensions.  Patents,  Education, 
Census,  Entomologioal  Commission:  Hot  Springe;  Yellow- 
stone Park;  Capitol  building  and  grounds;  hospital  for  the 
insane;  institution  for  the  deaf  and  dumb;  Freedman's 
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Part 


Bccntiry  of  the  Interior,  annual  rejport  of  the — Continued. 

liospital;  Columbia  hospital  for  women;  Conrt  of  Claims. 
Ihrritoriea:  Utah;  Washington  Territorjr;  New  Mexico: 
Dakota;  Idaho;  reconstmotion  of  Indian  Department 
bnilding. 
Skport  of  the  Commissioner  of  Indian  Affairs  :  A  patent 
for  land;  peual  settlements;  sale  of  arms  to  Indians;  In- 
dian edncat  ion ;  Indian  freighting ;  stock  cattle;  granaries 
and  root  houses;  Indian  police;  marriages;  Poncas;  Chief 
If  oees  and  his  pefople ;  remnant  of  Doll  Knife's  band ;  Little 
Chief's  band'of  Cheyennes;  oatbreak  of  the  Utes;  Ute 
commission  of  1878 ;  victoria  and  the  Southern  Apaches ; 
Joseph's  band  of  Nez  Percys ;  Mission  Indians ;  sanitary ; 
eonsoiidation  of  agencies ;  Takama  and  Malheur  agencies ; 
reservation  titles;  invasion  of  the  Indian  Territory ;  intm- 
aon  on  Indian  lands;  law  for  Indian  reservations;  depre- 
dations on  Indian  timber ;  Board  of  Indian  Commissioners ; 
apX>raisement  of  Kansas  Indian  lands  in  Kansas.  JSqyorU 
of  Imdian  Agents :  Colorado  Hi ver  Agency,  Arizona ;  Fima 
Agency,  Arizona;  8an  Carlos  Agency,  Arizona;  Hoopa 
Agency,  California;  Round  Valley  Agency,  California; 
Tale  River  Agency,  California ;  Mission  Agency,  San  Ber- 
nardino, California;  Los Pinos Agency, Colorado ;  Southern 
Ute  Agency,  Colorado ;  White  River  Agency,  Colorado ; 
Cheyenne  Kiver  Agency,  Dakota;  Crow  Creek  Agency. 
Dakota;  Devil's  I^ke  Agency,  Dakota;  Fort  Berthola 
Agency,  Dakota;  Lower  Bml^  Agency,  Dakota;  Pine 
Sidge  Agency,  Dakota ;  Rose  Bud  Agency,  Dakota ;  Sisse- 
ton  Agency,  Dakota;  Standing  Rock  Agency.  Dakota: 
Tankton  Agency,  Dakota ;  Fort  Hall  Agency,  Idano ;  Lemhi 
Agency,  Idaho;  Lapwai  Agency,  Idaho;  Cheyenne  and 
Arapano  Agency,  Indian  Territory ;  Kiowa,  Comanche,  and 
Wichita  Agency,  Indian  Territory ;  Osag**  and  Kaw  Agency, 
Indian  Territory ;  Pawnee  Agency,  Indian  Territory ;  Fonca 
Agency,  Indian  Territory ;  Quapaw  Agency,  Indian  Terri- 
td^ ;  Sac  and  Fox  Agency,  Indian  Territoiy ;  Sac  and  Fox 
Agency,  Iowa;  Kansas  Agency,  Pottawatomie  Reserve, 
Kansas;  Mackinac  Agency,  Michigan;  White  Earth  Agency, 
Minnesota;  Blackfeet  Agency,  Montana;  Crow  Agency, 
Montana ;  Flathead  Agency,  Montana ;  Fort  Peck  Agency, 
Montana :  Fort  Belknap  Agency ;  Montana ;  Great  Nemaha 
Agency,  Nebraska ;  Otoe  Agency,  Nebraska :  San  tee  Agency, 
Nebraska ;  Consolidated  Winnebago  and  Omaha  Agencies, 
Nebraska;  Nevada  Indian  Agency;  Western  Shoshone 
Agency,  Nevada ;  Abiquiu  Agency,  New  Mexico ;  Mescalero 
Agency,  New  Mexico;  Navajo  Agency,  Arizona;  Pueblo 
Agency,  New  Mexico ;  Zuni  Pueblo  Day  School,  New  Mex- 
ico ;  New  York  Agency,  New  York ;  Grand  Rondo  Agency, 
Oregon  j  Klamath  Agency,  Oregon ;  Malheur  Agency,  Ore- 
gon ;  Siletz  Agency,  Oregon ;  Umatilla  Agency,  Oregon ; 
Warm  Springs  Agency,  Oregon;  Uintah  Valley  Agency, 
Utah ;  Fort  Colville  Agency.  Washington  Territory ;  Col- 
ville  Agency,  Washington  Territory;  Neah  Bay  Agency, 
Washington  Territory ;  Puyallup,  Nesqually,  &c.,  Agency, 
Washington  Territory ;  Quinaielt  Agency,  Washington  Ter- 
ritory;  S'Kokomish  Agency,  Washington  Territory ;  Tula- 
lip  Agency,  Washington  Territory ;  Yakama  Agency,  Wash- 
ington Territory ;  Green  Bay  Agency,  Wisconsin ;  La  Pointe 
Agency,  Wisconsin ;  Shoshone  and  Bannock  Agency;  re- 
port of  Hhoehone  school ;  report  of  Arapaho  boanling  school ; 
report  of  the  Ute  commission ;  report  of  commission  to  re- 
appraise Kaw  lands  in  Kansas ;  letter  of  Chief  Spotted  Tail 
to  honorable  Secretary  of  the  Interior:  Indian  legislation 
by  the  third  session  of  •the  Forty -fiftn  Congress,  and  the 
first  session  of  the  Forty-sixth  Congress ;  proclamation  by 
the  President ;  liabilities  of  United  States  to  Indian  tribes. 
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Subject. 


Secretary  of  the  Interior,  aiiDnal  report  of  the — Continued, 

&c,:  trust  funds  and  trust  lands ;  investments  of  Indian 
funds,  &,c. ;  redemption  of  bonds,  &c. ;  list  of  Indian  tribes 
for  whom  stock  is  held  by  the  United  States,  &c. ;  stock 
account.  &c.;  stock  held  in  trust  by  United  States  for 
tribes,  ^c. ;  funds  held  in  trust  by  United  States,  &c, ;  in- 
terest collected  on  United  States  bonds  in  gold,  &c. ;  interest 
collected  on  United  States  bonds  in  currency,  &,c. ;  interest 
collected  on  State  bonds,  &c. ;  interest  appropriated  by 
Congress  on  non-paying  State  bonds,  &c. ;  appropriations 
for  Indian  tribes  and  Indian  service  for  liscal  year  ending 
June  30, 1880,  &,c. ;  receipts  and  disbursements  on  account 
of  sales  of  Indian  lands.  &-o, ;  executive  orders  affectlDg 
Indian  reservations;  Inolan  reservations,  agencies,  denom- 
inations nominating  agents,  tribes  occupying  or  belonging 
to  reservations,  &^o. ;  statistics  relating  to  population,  edu- 
cation, &.C,]  table  showing  agricultural  improvements, 
stock,  productions,  &,c. ;  vital  statistics,  &c, ;  Indian  agen- 
cies assigned  to  the  several  religious  denominations;  Board 
of  Indian  Commissioners,  with  their  post-office  address; 
Indian  agencies,  agents,  with  post-office  and  telegraphic 
addresses. 

Qeneral  Land  Offics:  Letter  of  Commissioner,  transHiit- 
ting  his  annual  report;  report  of  Commissioner;  surveys; 
survey  of  Calumet  Lake ;  survey  of  Cherokee  lands  in  North 
Carolina ;  rosurvey  of  the  Cattaraugus  Indian  Reservation ; 
Old  Cherokee  Indian  Reservation ;  survey  and  subdivision 
of  Red  Cloud  and  Spotted  Tail  Reserves  in  Dakota;  sur- 
vey of  the  Colora^^o  and  Utah  boundary^  abstract  of  de- 
cisions affecting  surveys ;  circular  in  i-eHtion  to  assignment 
of  certificates  of  de])osit  on  account  of  surveys ;  disposals  of 
public  lands;  pre-emptions;  homesteads;  timber  culture; 
grants  for  railroads,  wagon-roads,  and  canals;  circular  in- 
structions to  registers  and  receivers  relating  to  the  adjust- 
ment of  railroad  grants;  mineraHands;  adjustment  of  ac- 
counts; timber  lands,  timber  depredations;  private  land 
claims;  Southern  public  lands;  abandoned  military  reser- 
vations; reservations  of  public  lands  for  military  purposes; 
clerical  force  and  work  of  the  Oeneral  Land  Office;  area  of 
public  domain  surveyed  during  fiscal  year;  lands  sold  and 
entered  under  homestead  and  timber  culture  act;  swamp 
lands;  issues  and  locations  with  bounty-land  warrants; 
concessions  to  States  and  corporations  for  railroads  and  mil- 
itary wagon-road  purposes;  concessions  to  States  for  canal 
purposes  |  time  when  railroad  rights  attach  to  lands  granted ; 
lapsed  railroad  grants ;  rights  of  way  to  railway  companies ; 
abstract  of  suspended  cases  in  the  public  land  division  con- 
firmed by  the  board  of  abjudication ;  abstract  of  suspended 
cases  rejected  by  the  board  of  equitable  adjudication ;  esti- 
mates of  appropriations  for  the  fiscal  year  ending  June  30, 
1881 ;  historical  and  statistical  table  of  the  United  States 
and  Territories.  ItepoTiH  of  the  Surveyora-  General :  Arizona ; 
California;  Colorado;  Dakota;  Florida;  Idaho;  Louisiana; 
Minnesota;  Montana;  Nebraska |  Nevada;  New  Mexico; 
Oregon;  Utah;  Washington  Territory;  Wyoming. 

Volume  2.  Annual  Reports  of  Auditor  of  Railroad  Accounts; 
Commissioner  of  Pensions;  Commissioner  of  Patente; 
Superintendent  of  the  Census;  Architect  of  the  United 
States  Capitol ;  Board  of  Visitors  of  the  Government  Hos- 
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SURVEYS   AND   EXPLORATIONS. 


APPENDIX   MM. 


IrRYEY  OF  THE  NORTHERN  AND  NORTHWESTERN  LAKES 

AND  THE  MISSISSIPPI  RIVER. 

05»ral  report  of  major  c.  b.  comstock,  corps  of  engineers,  for 

the  fiscal  year  ending  june  30,  1«79. 

United  States  Lake  Survey  Office, 

Detroit,  Mich.,  July  1, 1879. 

&EXER  AX :  I  have  the  honor  to  submit  the  folloiring  report  on  the 
Survey  of  the  Northern  and  Northwestern  Lakes  and  Mississippi  River 
fef  the  year  ending  Jane  30, 1879 : 

*  Tj  A  K  w   ERIE. 

In  July,  1878,  Assistant  Engineer  E.  S.  Wheeler  began  the  measure- 
lentof  a  primary  base  line  with  the  Repsold  base  apparatus  at  Cedar 
Print,  near  Sandusky,  Ohio,  and  completed  it  in  October,  having  meas- 
iwd  it  in  both  directions. 

This  base  having  two  angles  in  it,  thus  breaking  it  into  three  parts, 
I  fourth  point  was  selected,  so  as  to  give  well-shaped  triangles,  and  the 
Agles  of  the  triangles  formed  by  these  four  points  were  read  by  First 
Ii«it.  P.  M.  Price,  Corps  of  Engineers. 

Some  of  the  angles  in  the  Lake  Ontario  triangulation  haWng  shown 
facrepancies  larger  than  was  desired,  they  were  remeasured  by  Assist- 
84  Engineer  R.  S.  Woodward. 

As  soon  as  the  appropriation  for  1879  became  available,  the  erection 
<f  stations  to  complete  the  chain  of  triangles  connecting  Lake  Michigan 
Tith  Lake  Erie  was  begun  and  completed. 

to  September,  1878,  Assistant  Engineer  G.  Y.  Wisner  began  reading 
Mr  angles  at  Sturgis,  Mich.,  and  continued  the  work  till  November  8^ 
»ten  he  was  recalled  to  be  sent  upon  the  Mississippi  River  survey. 

On  May  1,  1879,  the  reading  of  the  angles  of  this  triangulation  was 
^commenced  by  parties  under  Assistant  Engineers  G.  Y.  Wisner,  E.  8. 
Woodward,  and  J.  H.  Darling,  and  at  the  date  of  this  report  the  work 
•nearly  completed.  The  erection  of  the  stiitions  for  the  triangulation 
itQning  south  from  Chicago  to  connect  with  the  Coast  Survey  trianga- 
kion  in  Illinois  has  been  begun. 

MISSISSIPPI  RIVER  SURVEY. 

As  soon  as  the  disappearance  of  the  yellow  fever  at  Memphis  in  the 
Ifl  of  1878  permitted,  the  survey  of  the  Mississippi  River  was  resumed 
at  Scanlan's  Landing  on  November  24.    First  Lieut.  D.  W.  Lockwood 
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was  charged  with  the  borings  to  determine  the  character  of  the  river 
bed ;  with  the  measurement  of  a  secondary  base  line ;  w  ith  the  moving 
and  supplying  of  the  parties^  and  the  general  arrangement  of  the  sun^ey. 

The  secondary  triangulation  was  carried  by  First  Lieut.  P.  M.  Price 
and  Assistant  Engineer  G.  Y.  Wisner,  from  the  line  Fairview — State 
line  to  the  line  Helena  Island — Adams,  a  distance  of  52  miles,  measured 
along  the  river.  Lieutenant  Price  devised  some  portable  stations  which 
proved  very  useful.  A  base  line  was  measured  by  Assistant  Engineer 
Wisner  with  the  secondary  base  apparatus  at  Harbert's  Point,  Lieuten- 
ant Price  determined  the  azimuth  of  the  base  line  by  three  nights'  obser- 
vations on  circumpolar  stars. 

The  topography  and  soundings  were  carried  on  by  the  parties  of 
Assistant  Engineers  J.  A.  Ockerson,  J.  H.  Darling,  and  John  Eisenmann. 
The  topography  was  completed  from  Scanlan's  down  to  Mrs.  Baldwin's, 
and  the  shore  line  and  soundings  to  Walnut  Bend,  a  distance  of  33  miles 
below  Scanlan's. 

In  addition,  for  the  use  of  the  Board  of  Engineers  on  the  low- 
water  navigation  of  the  Mississippi  Kiver,  the  shore-line,  slopes,  and 
soundings  were  carried  by  Assistant  Engineer  Ockerson  from  O.  K. 
Landing  to  Delta,  a  distance  of  25  miles. 

A  line  of  precise  levels  was  carried  by  Assistant  Engin^r  L.  L. 
Wheeler  from  Austin  to  Friar's  Point,  a  distance  of  34  miles.  It  has 
been  found  in  the  Swiss  levelings  of  precision  that  difterent  results  are 
obtained  by  levelings  over  the  same  line  in  opposite  directions,  and  the 
settling  of  the  point  on  which  the  foresight  is  made,  in  the  interval  of 
time  between  the  foresight  and  the  backsight,  was  assigned  as  a  cause.  An 
investigation  at  some  special  points  failed  to  detect  such  settlement,  but 
the  levels  of  last  winter,  w^hich  were  run  in  both  directions,  give  almost 
constantly  a  ditterence  which  w  ould  be  produced  by  such  a  settling.  In 
43  kilometers  the  accumulate  difference  was  36"^,3.  The  mean  result 
should  be  nearly  free  from  the  error. 

In  the  latter  part  of  January  the  river  rose  to  28  feet  on  the  Memphis 
gauge,  interfering  with  the  work,  but  afterwards  fell  again.  Owing  to 
the  late  disappearance  of  the  yellow  fever  and  the  unusually  severe 
winter  which  partially  or  entirely  closed  the  navigation  of  the  river  by 
running  ice,  thus  interfering  with  the  work  for  about  three  weeks,  the 
progress  was  less  rapid  than  had  been  hoped.  The  parties  were  with- 
drawn early  in  March. 

A  party  under  Assistant  Engineer  J.  B.  Johnson  was  left  at  Helena, 
Ark.,  to  determine  cross-sections  and  sediment  for  the  Mississippi  Board 
of  Engineers.  This  party  returned  to  Detroit  on  June  25,  1879,  as  the 
appropriation  for  the  work  was  nearly  exhausted.  The  most  interesting 
result  of  the  work  of  this  party  is  the*  fact  that  at  Helena,  in  water 
varying  from  13  to  30  feet  in  depth^  a  series  of  sand  waves  was  moving 
down  stream  on  the  bed  of  the  river  at  an  average  rate  of  18  feet  a 
day,  between  March  9  and  June  17, 1879.  These  waves  have  an  average 
length,  counted  from  crest  to  crest,  of  about  330  feet,  and  an  extreme 
length  of  about  500  feet. 

From  valley  to  crest  they  have  an  average  height  of  about  5  feet,  and 
an  extreme  height  of  8  feet.  During  the  period  of  observatiqp  the 
stage  of  the  river  varied  between  12  and  18  feet  above  low-water  at 
Helena.  The  existence  of  sand  waves  of  so  large  dimensions,  and  mov- 
ing with  such  a  velocity,  does  not  seem  to  have  been  observed  before 
on  the  Lower  Mississippi.  Their  thorough  study,  continued  during  all 
stages  of  the  river,  may  give  important  information  about  the  conditions 
for  low- water  navigation. 
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MISCELLANEOUS. 

Maj.  F,  U.  Farquhar  desiring  the  determination  of  the  positions  of 
certain  xK>int8  connected  with  his  surv^eya,  Capt.  H.  M.  Adams  and  First 
Lieut.  C.  F.  Powell  were  assigned,  in  September,  1878,  to  this  duty 
Captain  Adams  observed  at  Detroit  in  connection  with  Lieutenant 
Powell  at  Louisiana,  Mo.,  Rock  Island,  111.,  and  Red  Wing,  Minn.,  for 
loDg^itude,  by  the  telegraphic  method,  while  Lieutenant  Powell  observed 
also  for  latitude  and  the  magnetic  elements. 

The  observations  of  the  water-levels  of  the  lakes  has  been  continued 
at  Sacket's  Harbor  and  Charlotte,  N.  Y. ;  at  Erie,  Pa. ;  at  Cleveland, 
Ohio ;  at  Detroit,  Port  Austin,  Sault  Ste.  Marie,  Marquette,  and  Esca- 
mba,  Mich. ;  and  at  Milwaukee,  Wis. 

OFFICE  WOEK. 

The  plotting  of  the  field  work  of  the  Mississippi  River  survey  below 
l^mphis,  done  during  the  winter  of  1877-'78,  has  been  completed,  and 
4f  plotting  of  the  field  work  during  the  winter  of  1878-'79  has  been 

The  computations  of  the  secondary  base-line  at  Harbert's  Point,  Miss., 
if  the  observations  for  the  azimuth  of  that  base,  and  of  the  triangula- 
lims  executed  iu  the  winter  of  1878-'79,  have  be^n  completed. 

Ihe  longitude,  latitude,  and  magnetic  work  of  Capt.  H.  M.  Adams  and 
lieut.  C.  F.  Powell  has  been  computed. 

The  adjustment  or  the  primary  triangulation  on  Lake  Erie,  from  line 
'tester- Willoughby  to  line  Cedar  Point- Stoney  Point,  has  been  completed, 
ad  the  adjustment  of  the  section  at  the  south  end  of  Lake  Michigan,  be- 
Ween  the  hues  Fremont — Deerfield  and  Bald  Tom — Michigan  City^  is 
i»at  two-thirds  dope.  These  adjustments  have  been  made  by  Assist- 
®t  Engineers  Kummell,  Wright,  and  Russell. 

Comparisons  of  each  meter  of  tube  2  of  the  Repsold  base  apparatus 
we  been  made  with  the  standard  meter  "  R,  1876,"  at  low  temperature. 
5e  determination  of  the  subdivisions  of  the  meter  "  R,  1876,"  needed 
if  comparisons  with  the  Clarke  yard  "A,"  are  nearly  completed,  and 
miparisons  with  that  yard  at  low  temperatures  have  been  made. 

Comparisons  for  determining  the  constants  of  the  tubes  have  been 
utinued. 

A  partial  reduction  of  the  measurement  of  the  Sandusky  base  has 
^^n  made. 

Baadin  Thermometer  6131  has  had  its  errore  of  calibration  determined 
Jul  has  been  compared  at  various  temperatures  with  other  thermometers 

the  lake  survey  by  Assistant  Engineer  Russell.    The  results  show 

it  the  errors  of  the  lake  survey  standards  are  as  well  known  as  is 
'^lacticable  without  comparisons  with  a  gas  thermometer. 

The  preparation  of  the  final  report  of  the  lake  survey  has  been  begun ; 
^  the  first  part,  which  includes  the  triangulation  between  the  Kewee- 
,iw  and  Minnesota  Point  bases,  is  nearly  ready  for  the  printer. 

The  following-named  charts  have  been  completed  and  photolitho- 
^4phed: 

[toast  Chart  No.  3,  Lake.  Ontario,  from  Big  Sodns  Bay  to  GeDesee  River ;  scale  1 : 

\,  reduced  by  Mr.  Max  Franke. 

«t  Chart  No.  4,  Lake  Outario,  from  Charlotte  to  Thirty-Mile  Point;  scale  1: 

),  reduced  by  Mr.  A.  de  Witzleben. 
toast  Chart  No.  5,  Lake  Ontario,  from  Thirty-Mile  Point  to  Port  Dalhousie;  scale 
i*,000,  reduced  by  Mr.  Wimam  A.  Wansleben. 
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Coaflt  Chart  No.  2/ Lake  Erie,  from  Dunkirk  to  vicinity  of  Erie;  scale 
reduced  bv  Mr.  Max  Franke. 

Coast  Chart  No.  3,  Lake  Erie,  firom  Erie  to  Conneant,  scale  of  1 :  80,000,re( 
Mr.  A.  de  Witzleben. 

Coast  Chart  No.  4,  Lake  Erie,  from  Conneaut  to  Fairport,  scale  1 :  80,000, 
completed  by  .Mr.  Max  Franke,  but  is  not  yet  photolithographed. 

Charts  Nos.  8.  9,  10,  and  11  of  the  Mississippi  River,  south  of  Memphi 
have  been  completed.    Nos.  8  and  9  have  been  photolithographed. 

The  new  chart  of  Lake  Erie,  scale  1 :  400,000,  and  coast  charts  Nos.  5 
Lake  Erie,  scale  1 :  80,000,  are  now  in  the  hands  of  the  draughtsmen. 

The  following  table  gives  a  r^sum^  of  the  field  work  done  1 
May  1, 1878,  and  June  30, 1879 : 

Longitudes  determined  telegraphically 

Latitudes  determined 

Primary  triangulatiou  stations  occupied 

Secondary  triangulatiou  stations  occupied 

Miles  of  developed  shore-line    

Square  miles  of  topography 

Square  miles  of  river  hydrography 

Antiquarian  sheets  of  topography  and  river  hydrography  plotted  during  the  wi 

Miles  of  precise  leveling  in  duplicate 

Secondary  azimuths  determined 

Primary  base-line  measured 

Secondary  base-line  measured 

The  results  of  astronomical  work  by  Captain  Adams  and  Lie 
Powell  are  given  in  Appendix  No.  1.  The  results  of  Lieutenant . 
magnetic  work  are  given  iu  Appendix  No.  2. 

Lieutenant  Lockwood's  report  on  work  on  the  Mississippi  ] 
given  in  Appendix  No.  3.  Reports  of  chiefs  of  parties  are  givei 
pendix  No.  4. 

A  report  on  the  measurement  of  the  Sandusky  base,  by  A 
Engineer  E.  S.  Wheeler,  is  given  in  Appendix  No.  5. 

A  report  on  the  levels  of  precision  near  Helena,  Ark.,  by  A 
Engineer  L.  L.  Wheeler,  is  given  in  Appendix  No.  6. 

A  report  on  some  constants  of  Troughton  and  Simms  Theodoli 
by  Assistant  Engineer  R,  S.  Woodward,  is  given  in  Appendix  1 

A  report  on  the  errors  of  certain  thermometers,  by  Assistant  E 
Thomas  Russell,  is  given  in  Appendix  No.  8. 

The  results  of  water-level  observations  on  the  lakes  are  giver 
sistant  Engineer  A.  R.  Flint  in  Appendix  No.  9. 

Some  results  of  sand  wave  and  sediment  observations  are  | 
Appendix  No.  10,  by  Assistant  Engineer  J.  B.  Johnson. 

Lists  of  the  published  charts  of  the  Lake  Survey  and  of  the 
sippi  River,  of  the  number  of  charts  issued  iu  different  years 
tracings  furnished,  are  given  in  Appendix  No.  11. 

Sketches  are  forwarded  herewith,  showing  the  general  progref 
Lake  Survey,  and  of  the  Mississippi  River  survey. 

The  following  officers  have  continued  on  duty  on  the  Surve 
Northern  and  Northwestern  Lakes  and  Mississippi  River : 

Capt.  H.  M.  Adams,  till  December  31, 1878,  when  ho  was  relic 

First  Lieut.  D.  W.  Lockwood,  during  the  year. 

First  Lieut.  C.  F.  Powell,  till  March  18, 1879,  when  he  was  re 

First  Lieut.  P.  M.  Price,  during  the  year. 

Financial. 

Amount  available  July  1,  1878 | 

Amount  expended  in  fiscal  year  ending  June  30,  1879 

Amount  available  for  lake  survey  July  1,  1879 

Amount  required  for  fiscal  year  ending  June  30,  1881,  for  lake  survey 

For  Mississippi  River  survey : • 1 
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Estiwuite  of  funds  for  continuance  of  Surveys  of  Northern  and  Northtoestem  Lakes  and  Mis- 
sissippi River  for  the  fiscal  year  ending  June  30,  1881. 

For  the  reduction  of  the  field  work  of  the  lake  survey,  for  the  prepar- 
ation and  publication  of  the  final  report,  for  printing  charts  for  the  use 
of  navigators,  for  continuance. of  water-level  observations,  for  aid  to 
State  surveys,  and  miscellaneous $44, 800  00 

For  continuing  the  survey  of  the  Mississippi  River  and  its  tributaries  with 
a  view  of  determining  the  proper  method  of  reclaiming  from  overflow  ^ 
the  alluvial  lands  of  the  Mississippi  delta,  and  improving  the  navigation 
of  the  river 158,660  00 

Details  as  follows: 

LAKE  SURVEY. 

Completion  of  reduction  of  field-work $16,400 

Preparation  and  publication  of  final  rexK>rt 11,100 

Water-level  observations  and  reductions 2,500 

Printing  and  issuing  charts  for  use'  of  navigators 3, 300 

Office  rent,  clerk,  watchmen,  officers'  quarters,  and  fuel  and  miscellaneous 6, 500 

Aid  to  State  surveys 5,000 

44,800 

SURVEY  OF  MISSISSIPPI  RIVER. 

Six  topographical,  three  triangulation  and  four  leveling  parties;  field- 
work $75,240 

Beouc'Liou  ot  work 17,640 

Printing  maps , 8, 400 

Clerk  hire,  office  rent,  watchmen,  instruments,  transportation,  and  miscel- 

laueous 17,180 

One  stem -wheel  steamer 12,000 

Six  large  quarter-lwats  and  outfit,  at  $4,200  each 25,200 

Two  small  quarter- boats  and  outfit,  at  $1,500  each 3, 000 

Very  respectfully,  your  obedient  servaut, 

C.  B.   COMSTOCK, 

Major  of  Engineers^  Bvt  Brig.  OenU. 
The  Chief  of  Enoineers,  U.  S.  A. 


APPENDIX  No.  1. 

Telegraphic  Longitude. 

bkport  on  tkl.kgraph1c  longitude  work  in  connection  with  the  lake  sur- 
vey observatory,  1878,  by  captain  h.  m.  adams,  corps  of  engineers. 

The  longitudes  of  the  following  points  have  been  determined  in  connection  with  the 
survey  of  the  Mississippi  River  by  Maj.  F.  U.  Farquhar: 

1.  Bock  Island,  111. 

2.  Red  Wing,  Minn. 

3.  Louisiana,  Mo. 

Observations  were  made  at  Detroit  by  Capt.  H.  M.  Adams  and  Assistant  Engineer 
A.  R.  Flint.  The  following  instruments  wore  used :  Transit  instrument,  made  by  Buff 
and  Berber,  having  a  focal  length  of  39  inches;  magnifying  power  of  telescope  with 
diagonal  eyepiece,  87,  a|>ertnre  3  inches ;  Clock  No.  *256  and  Chronograph  No.  216,  made 
by  Bond  &  Sons ;  Lieut.  C.  F.  Powell  was  the  field  observer.  Signals  were  exchanged 
with  Detroit  on  two  nights  for  each  of  the  stations  occupied,  Rock  Island,  Red  AViug, 
and  Louisiana. 

The  method  of  exchanging  signals  was  by  automatic  clock  and  chronometer  beats, 
which  were  recorded  on  a  chronograph. 

A  complete  time  determination  was  made  by  each  observer,  before  and  after  tele- 
graphic signals.^  The  time  occupied  for  signals  was  generally  about  twenty-five  miu 
ntee.    In  each  time  determination  two  stars  of  between  80^  and  90^'  declination  wei 
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observed  and  the  telescope  was  reversed  on  each  of  these  stars  so  as  to  obtain 
observations  before  and  seven  after  reversal ;  ten  or  more  time  stars  were  observe* 
fifteen  threads,  one-half  of  the  stars  with  telescope  direct,  and  the  other  half  witls. 
telescope  reversed. 

PROGRAMME  FOR  TIME  DETER MINATIO^. 

Level  readings. 

A  circnmiM>]ar  star,  seven  threads,  telescope  direct  and  reversed. 

Level  readings. 

Five  or  more  well  determined  time  stars. 

Level  readings. 

ReversaL 

Level  readings.   « 

Five  or  more  well  determined  time  stars. 

Level  readings.  - 

A  circnmpolar  star,  seven  thi^eads,  telescope  direct  and  reversed. 

Level  readings. 

Level  readings  were  also  taken  between  the  time  stars  when  the  interval  of  t 
was  sufficient. 

Observations  were  made  for  relative  personal  equation  of  Captain  Adams  and  Li 
tenant  Powell,  on  four  nights  in  ir^7,  and  on  two  nights  in  1878  after  the  complel 
of  fieldwork.  These  observations  were  made  in  exactly  the  same  manner  as  for  de 
mining  longitude;  Lieutenant  Powell's  transit  instrument  being  mounted  on  a  st-* 
pier  in  the  yard  near  the  Lake  8urvey  Observatory,  and  0*.005  west  of  the  Deti 
transit  instrument  used  by  Captain  Adams.  The  mean  results  for  personal  equat 
for  sea.son  of  1877  and  season  of  1878  only  differed  0*.O2  (see  Table  20).  The  meal 
the  six  results  was  adopted  and  applied  in  computing  the  longitudes  for  season  of  It 

EXPLANATION  OF  TABLES. 

I. — Tables  1  to  16,  induMve. 

Computation  of  time  determination  by  method  of  high  and  low  stars.     *'  D  "  indicfl 
telescope  direct ;   "R"  indicates  telescope  reversed:  t^  the  observed  time  of  tran 
the  meau  from  11  thread  for  time  stars,  and  mean  for  all  threads,  reduced  to  mid 
thread  for  slow  stars. 
A  =  the  azimuth  factor. 
B  =  the  inclination  factor. 
C  =  the  collimation  factor. 

a  =  the  azimuth  of  transit  instrument  as  computed  from  high  and  low  stars. 
b  =  the  inclination  of  the  rotation  axis. 

c  =  the  collimation  constant  as  computed  from  reversals  on  slow  stars.  ' 
C^  i  =  constant  for  reduction  to  middle  thread  from  mean  of  11  threads. 
a  6  r  =  the  correction  for  diurnal  aberration  =:0". 021  cos.  latitude. 

a  =  the  right  ascension. 
A  '  =  the  clock  correction  at  corrected  time  of  transit. 

r  =  the  interval  in  clock  hours,  for  which  the  rate  p  is  applied. 
p  =  the  rate  per  clock-hour  (-f-  when  losing,  —  when  gaining). 
£^t„  :=  the  clock-correction  at  a  given  e|)och  (-f-  when  slow,  —  when  fast). 

The  rij^ht  ascensions  wen*  determined  from  American  Ephemeris,  1878,  German  C 
jogue,  ^S9  stars,  1878,  and  General  Bericht  Europaische  Gradmessuug,  1873. 

Ih—Tables  17  to  20. 

Telegraphic  comparisons  of  clock  and  chronometer  for  determination  of  longi^ 
and  for  relative  personal  equation  of  observers. 

Each  result  is  a  mean  frt>m  15  ticks  as  registered  by  both  time-pieces  on  a  chr^ 
graph. 

The  chronograph  readings  for  a  single  result  from  15  ticks,  sent  fit>m  Bed  Wini 
Detroit,  are  given  below : 


APPENDIX   MM. 


1897 


RED  WINO. 


DETROIT. 


Chronometer  No.  1541. 


Clock  No.  256. 


A.    m.     8, 


m. 


8, 


1. 

0 

29 

01.00 

2. 

0 

29 

02.00 

3. 

0 

29 

03.00 

4. 

0 

29 

04.00 

5. 

0 

29 

05.00 

6. 

0 

29 

06.00 

7. 

0 

29 

07.00 

8. 

0 

29 

08.00 

9. 

0 

29 

09.00 

10. 

0 

29 

10.00 

11. 

0 

29 

11.00 

12. 

0 

29 

12.00 

13. 

0 

29 

13.00 

14. 

0 

29 

14.00 

15. 

0 

29 

15.00 

Means  0    29     08.000 


III.— TodZe  2 


1  18 

07.38 

1  18 

08.40 

1  18 

09.40 

1  18 

10.38 

1  18 

11.40 

1  18 

12.38 

1  18 

13.38 

1  18 

14.38 

1  18 

15.38 

1  18 

16.38 

1  18 

17.38 

1  18 

18.39 

1  18 

19.38 

1  18 

20.38 

1  18 

21.38 

1  18  14.385 

Tabulated  i*esults  for  latitude  and  longitude.    The  observatious  for  latitude  were 
ide  by  Lieut.  C.  F.  Powell. 

All  cooipnt^ktions  have  been  made  in  duplicate  and  have  been  carefully  checked. 

H.  M.  Adams. 
Washington,  May  14, 1879. 
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Table  21. — Geographical  pontions. 


Longitude  W  \ 

Station. 

Description  of  reference  point«. 

Latitude. 

from   Gttttt* 
wich. 

0 

/ 

n 

0      t        » 

Bock  Island,  111 ... . 

Astronomical  pont-stone  20  by  17  inches,  and  18 
incites  above  git)und,  on  United  States  arsenal 
grounds. 

41 

31 

03.41 

90    33   40.  tt 

Southeast  comer  of  snard-honse 

41 

31 

01.51 

9f    88   411 

Gas-pipe  ^  2,  Rock  Island  Rapids,  improvement 

41 

31 

03.09 

90    33   40.11 

survey. 

Bed  Wing, Minn... 

Astronomical  post-stone  20  by  20  inches,  and  18 
inches  above  ground,  neai  northwest  comer 
of  countv  court-bouse  yard. 

44 

83 

44.16 

02    31    5S.S 

Spire  of  Catholic  church 

44 

33 

44.64 

02    31    4»L« 

Lonisianat  Mo 

Astronomical   post-stone  northwest   comer  of 
high-school  yard. 

39 

27 

14.30 

01    03    06.ai< 

Northeast  corner  of  high-school  building 

39 

27 

12.64 

01    03    Oill' 

Southeast  comer  of  brick  residence,  northwest 

39 

27 

15.25 

01    03    C7.ll 

comer  of  Noyles  and  Fourth  streets. 

• 
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Maoxetic  Work. 


REPORT  OF  LIEUTENANT  D.   W.  LOCKWOOD,  CORPS  OF  ENGINEERS. 

Detroit,  Mich.,  Jul^  3,  1S79. 

Sir  :  In  compliauce  with  instxnctionA  received  from  yon,  I  have  tlie  honor  to  make 
the  following  rei>ort  on  the  iustrnmeuts  uaed  by  Lieut.  C.  F.  Powell,  Corps  of  Engi- 
neers, in  his  magnetic  work  of  1878,  and  to  describe  the  method  of  observing  followed 
by  him  as  shown  by  his  notes. 

The  stations  occupied  were  Rock  Island,  HI.,  Red  Wing,  Minn.,  and  Lonisiana,  Mo. 

At  Rock  Island  and  Red  Wing  the  observations  included  those  for  declination,  dip, 
and  intensity,  while  at  Louisiana  observations  for  horizontal  intensity  were  not  taken, 
and  the  observations  for  declination  were  a  failure,  the  rani^e  for  three  da^s'  work 
being  more  than  1'^,  and  no  two  days'  work  agreeing  within  the  required  limit  of  Idf; 
the  range  in  dip  was  also  much  in  excess  of  that  prescribed. 

The  instruments  used  were  the  Jones  combined  declinometer  and  magnetometer, 
and  Barrow  dip-circle  No.  26. 

The  former  when  used  as  a  declinometer  has  its  reading  telescope  mount'Cd  on  a  sejH 
arate  stand  from  that  supporting  the  magnet  box.  A  small  theodolite  set  up  on  its 
tripod  about  18  inches  from  the  north  end  of  the  magnet  being  used  for  this  purpose. 
When  used  as  a  magnetometer  for  horizontal  intensity,  a  reading  telescope  is  fastened 
to  one  of  the  arms  jirojecting  from  the  base  supporting  the  magnet  box  and  turning 
with  it.    To  the  opposite  arm  a  counterpoise  weight  is  attached. 

The  declination  magnets  are  as  follows: 

1°.  Magnet  X,  a  hollow  steel  cylinder  4.03^"  long  by  iV  inch  external  diameter.   At 
the  south  end  is  a  glass  scale.    Value  of  1  div.  about  2M5.    At  the  north  end  an  achro- 
matic lens  adjusted  at  such  a  distance  from  the  scale  that  the  scale  is  most  distinctly 
visible  when  the  reading  telescope  is  adjusted  to  stellar  focus.    The  value  of  1  dir.  it 
scale  is  affected  by  a  change  in  the  position  of  the  lens. 

2°.  A  hollow  brass  cylinder  4'"  long  and  t^j  inch  diameter,  with  a  weak  nisgntt 
inside  of  it,  its  axis  tirmly  lixed  parallel  with  the  axis  of  the  cylinder ;  it  is  aUo  fitted 
with  scale  and  lens. 

The  intensity  magnet  is  marked  D  5,  and  consists  of  a  hollow  steel  cylinder  3*".7S 
lon^  and  -^  inch  external  diameter.  It  is  fitted  at  one  end  with  an  adjustable  bi^- 
ancing  ring.  This  ring  is  easily  displaced,  so  that  the  movement  of  inertia  of  thi» 
magnet  and  its  stirrup  should  be  determined  at  each  station,  and  great  care  taken  to 
avoid  displacing  the  ring  while  the  magnet  is  being  used.    This  magnet  has  no  scale. 

The  suspended  magnet  in  deflections  marked  at  north  end  -.,  is  3*°.0  long  and  -^  iucli 

external  diameter.  It  is  fastened  to  a  small  stirrup  with  a  mirror  below  the  magnet. 
The  scale  for  determining  the  angle  of  deflection  is  &^  long,  and  attached  to  the 
reading  telesco]>e  near  its  €\ve  end.     Value  of  1  div.  of  scale,  about  10'. 

In  using  this  instrument,  the  deflecting  or  intensity  magnet  is  fixed  in  the  magnetic 
prime  vertical. 

In  the  computation  ^'P''  is  assumed  a  equal  to  zero;  '^g''  the  temperature  co-effi- 
cient is  also  taken  as  zero. 
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The  range  of  temperature  in  deflection  experiments  and  vibrations  waa  also  quite 
i^rge,  bnt  the  values  of  "  q  "  as  deducted  from  the  different  sets  had  contrary  signs. 

£  taking  dip  observations' the  needles  showed  that  a  prei>onderanc«  existe4y  and 
^K  acconnt  of  tne  extreme  range  the  north  end  hot  always  being  below  the  horizontal, 
fajer^s  formula,  given  in  Schott's  notes  on  measurements  of  terrestrial  magnetism,  was 
ged  in  the  computation. 

The  note-book  shows  that  observations  to  det^^nuine  local  attraction  were  made 
\ly  at  Rock  Island.  The  true  meridian  in  every  case  was  determined  by  the  astro- 
nnical  transit  or  zenith  telescope. 

rhe  values  of  the  declination,  given  in  the  table  appended  hereto  for  each  day,  are 
»  means  of  the  morning  or  eastern  elougation,  and  tne  afternoon  or  western  elonga- 
D,  the  mean  of  the  eastern  and  western  elongations  for  each  day  being  corrected 
daily  range. 

Very  respectfully,  your  obedient  servant, 

D.   W.   LOCKWCM>D, 

First  Lieutenant  of  Engineers, 
faj.  C.  B.  CoMSTOCK, 

Corps  of  Engineers, 
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APPENDIX  No.  3. 


Survey  of  the  Mississippi  River, 
report  of  lieutenant  d.  w.  lockwood,  corps  of  engixeers. 

Detroit,  Mich.,  June  14, 1879. 

Sir  :  I  have  the  honor  to  Bubmit  the  followinjr  report  of  work  done  on  the  survey  of 
the  MiBBiHsippi  River  durinjj:  the  winter  of  1878-^79. 

On  the  18th  of  Octol>er,  1878,  I  received  orders  from  you  to  proceed  to  New  Albany, 
Ind.,  and  receive  such  property  as  might  he  sent  from  Detroit  to  that  point  for  the 
outfit  of  the  quarter  boats  that  had  been  built  there  during  the  summer,  to  piux;ba9» 
articles  needed  to  com]>lete  their  outfit,  and  arrange  to  have  them  taken  to  Memphia, 
Tenn.,  as  soon  as  the  yellow  fever  should  cea^e. 

I  reached  New  Albany  October  22,  and  found  the  quarter  boata  ready  to  be  taken 
down  the  river  aA  soon  as  the  necessary  arrangements  could  be  made.  The  property 
sent  from  Detroit  having  arrived,  the  articles  needed  to  complete  the  outfit  of  the 
boats,  in  connection  with  the  property  in  store  at  Memphi%  were  purchased,  and  in 
addition  one  month's  supplies  for  all  the  parties. 

The  stem- wheel  steamer  Little  Eagle,  hired  for  the  season  of  McDonald  Brothers,  at 
Saint  Louis,  by  Captain  Adams,  reached  New  Albany  at  noon  November  15.  The 
boats,  four  in  number,  were  taken  in  tow,  and  she  proceeded  down  the  river  at  once, 
reaching  Memphis  on  the  morning  of  November  21. 

Lieutenant  I*rice,  Corps  of  Engineers,  had  already  reached  Memphis,  and  had  h»d 
the  old  quarter-boat  Arkansas  towed  up  from  Fort  Pickering  to  the  steamboat  landing. 
The  property  that  had  been  stored  with  Rose  &  Co.,  at  the  close  of  the  preceding 
season's  work,  was  put  on  board  the  proper  boats,  and  on  the  24th  the  steamer  8t4ut«a 
down  the  river  with  the  fleet  in  tow.     The  parties  were  as  follows : 


Chief  of  parties. 


Lieutenant  Price ." 

Assistant  Engineer  Wisner 

Assistant  Engineer  L.  L.  "Wheeler. 

Assistant  Engineer  Ockersou 

Assistant  Engineer  Darling 

Assistant  Engineer  Eisenuiann  . ... 


Boat 


Tiiaimilation. 

Precise  levels . . 
Topographical 

do , 

do 


Lonisiaaa. 

Do. 
Pioneer. 
Tennessee. 
Mississippi. 
Arkanm, 


The  organization  on  the  Ix)ui8iana  comprised  two  complete  triangulation  imrtiee, 
that  of  Lieutenant  Price  and  that  of  Assistant  Engineer  Wisner :  as  both  these  parties 
remained' during  the  season  on  the  Louisiana,  Lieutenant  Price  had  immediate  charge 
of  both. 

The  instructions  required  the  sounding  to  be  done  at  a  low  stage  of  river,  and 
also  required  that  the  section  of  the  river  between  Austin  and  Delta  be  surveyed,  as 
follows,  for  the  Mississippi  Board  of  Engineers: 

The  shore  line  and  outline  of  bars  to  be  run,  a  line  of  levels  to  be  carried  down  one 
bank,  and  river  slope  determined,  in  addition  to  sounding.  Assistant  Engineer  Ocker- 
son  was  assigned  to  this  work. 

Assistant  Engineer  Darling  and  his  party,  on  the  Mississippi,  were  left  at  Scanlon's 
Landing  to  do  the  soundings,  run  the  shoi-e  line  of  bars,  and  determine  the  low-water 
slope  between  that  point  and  Commerce  Landing. 

Lieutenant  Price  and  tiiangulation  parties,  on  the  Louisiana,  were  left  at  Norfolk, 
to  carry  the  triangulation  from  the  line  A  Fairvicw — a  State  line  south. 

Assistant  Engineer  Eii^eimiann  and  his  party,  on  ilbe  Arkansas,  were  left  at  Com- 
merce, to  do  the  sounding,  run  the  shore  line  of  bars,  and  determine  the  low-water  slope 
between  that  place  and  Austin. 

Assistant  Engineer  L.  L.  Wheeler  and  his  leveling  party,  on  the  Pioneer,  were  left 
at  Austin  Landing,  to  carry  the  precise  levels  from  this  point,  where  the  work  of  the 
previous  year  stopped,  to  the  south. 

Assistant  Engineer  Ockersou  and  his  party,  on  the  Tennessee,  were  left  near  0.  K. 
Landing,  to  survey  the  section  of  the  river  between  Austin  and  Delta,  as  mentioned 
above. 

Mr.  Ockersou  also  had  charge  of  sediment  work  during  the  season,  and  made  the 
soundings  in  relation  to  sand  wave  determinations. 

When  the  soundings,  &c.,  had  been  finished  the  instructions  required  that  the  topo- 
graphical parties  should  commence  the  regular  work  of  the  survey  at  Scaulon's  Land- 
ing, where  the  work  of  the  previous  >ear  stopped,  and  carry  it  down  the  river. 
Assistant  Engineer  Eisenmanu,  having  completed  the  soundings,  &c.,  of  his  section 
to  the  foot  of  Bordeaux  Chute,  was,  December  24,  taken  up  the  river. 
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Awistant  En^cineer  Darling  bad  by  tbis  time  completed  tlie  work  reqnired  between 
^anion's  Landing  and  Commerce,  and  was  taken  op  the  river  at  tbe  same  time;  bis 
:N»t  was  left  at  the  government  light,  a  short  distance  below  Scanlon's  Landing, 
while  Mr  Eisenmann's  boat  wa«  left  near  foot  of  Cat  Island  (No.  50). 

Assistant  Engineer  Ockerson,  having  finished  the  work  required  by  the  Board  of 
Bn^^neers,  was,  on  January  24,  1879,  moved  up  the  river  to  a  point  on  the  Arkansas 
ihore  2  miles  below  Bennett's  Landing. 

The  sections  required  for  observations  concerning  sand-waves  were  located  as  fol- 
ows: 
P.  The  deep-wat«r  section  near  Trotter's  Field  Landing,  2^  miles  above  Helena. 
2°.  The  shoal-water  section  just  below  the  town. 

Five  lines  100  meters  apart  were  fixed  for  each  section,  and  soundings  taken  on 
hem  by  Mr.  Ockerson  and  party;  1°,  December  27  and  28,  1878;  2^,  January  21  and 
3,  1879. 
The  party  on  the  steamer  was  under  my  personal  supervision,  and  consisted  of 
^ncis  Devroe,  foreman  and  acting  mate,*  and  four  men.  When  the  steamer  was 
lot  engaged  in  moving  or  supplying  the  different  parties  or  occupie<l  with  section 
irork,  this  party  was  used  in  making  borings.  The  steamer  was  laid  up  nearly  a 
ireek  in  Memphis  during  December,  having  her  shaft  repaired.  From  January  i  to 
16,  the  weather  was  so  cold  that  no  boring  could  be  rlone,  and  from  the  morning  of 
Jtnuary  4th  to  the  13th  the  boat  was  frozen  in  the  ice  above  Bordeaux  Chute. 

On  January  15  the  Mississippi  was  cut  down  and  sunk  by  the  ice.  When  the  ex- 
treme cold  weather  set  in,  about  January  I,  the  river  was  falling,  and  continued  to  do 
10  until  about  the  11th  or  I2th,  when  it  turned,  and  for  some  time  rose  at  the  rate  of 
tbont  2  feet  per  diem.  The  Mississippi  was  towed  up  to  the  landing,  and  left  on  a 
little  shelvv  bar  just  above  it.  The  high-water  prevented  anything  more  being  done 
to  her  until  February  24,  when  the  river  had  gone  down,  so  as  to  leave  her  damaged 
Bde  exposed.  Carpenters  were  then  put  at  work  on  her,  but  befure  the  work  could 
be  completed  the  river  rose  again,  and  the  hole  was  i>atehed  temporarily.  On  March 
Ishe  was  towed  up  to  Fort  Pickering  and  haule<l  out  on  the  shore,  so  that  the  job  could 
be  completed.  At  present  her  hull  is  in  good  condition.  The  hole  cut  in  herside  was 
44  feet  long  and  8  inches  wide.  One  side  of  her  cabin  was  very  much  torn  up  by  the 
ice,  bat  stul  she  can  be  repaired,  so  as  to  be  of  further  use  when  required. 

The  cold  weather  already  spoken  of  interfered  considerably  with  work  of  all  kinds, 
while  the  high-water  which  followed  soon  after,  overflowing  the  low-lands  and  filling 
tbe  swamps  and  bayous,  almost  stopped  eveiy  thing.  The  highest  water  during  the 
•eason  was  on  January  29,  when  the  Memphis' gauge  read  28  feet  11  inches. 

Daring  the  fore  part  of  March  the  atmosphere  was  very  unfavorable  for  reading 
ingles,  on  aceoant  of  smoke  from  burning  over  old  cotton-fields,  and  as  Lieutenant 
Pkice  report-ed  that  but  little  or  no  progress  could  be  made  with  the  triangidatiou,  the 
Louisiana  was  taken  to  Memphis  March  6,  and  laid  up. 

The  I'ennessee  was  taken  up  on  the  7th  and  the  Arkansas  on  the  lOtli.  Mr.  Dar- 
ling's party  had  been  moved  up  on  the  28th  of  February.  Assistant  Engineer  L.  L. 
Wheeler,  having  carried  the  precise  levels  as  far  as  Friar's  Point,  was  taken  up  the  river 
to  Norfolk  Landing  February  7.  and  directed  to  report  with  his  party  to  Assistant 
Engineer  Darling  for  topographical  duty.  His  party  was  discharged,  and  he  was  or- 
<lCTed  to  Detroit  a  few  days  before  Mr.  Darling  was  moved  to  town. 

On  January  29  I  had  the  honor,  in  complying  with  the  instructions  of  vour  letter  of 
January  14^  to  submit  a  plan  for  ori^anizing  and  maintaining  a  party  to  be  left  at  or  near 
Helena  during  the  summer  to  continue  the  sediment  observations  and  cross-section 
^ork ;  in  it  I  recommende<l  that  Mr.  J.  B.  Johnson  be  put  in  charge  of  the  party,  and 
that  Mr.  Cliilds  be  retained  as  recorder ;  also  that  the  party  be  quartered  on  the 
Pioneer. 

My  plan  having  been  approved  in  your  letter  of  February  8,  the  Pioneer  was  fur- 
'"•bed,  upon  Mr.  Johnson's  requisition,  with  the  necessary  outfit  from  the  other  boats, 
*nd  on  March  10  Mr.  Johnson  starte<l  down  the  river  with  her. 

There  being  no  further  work  for  the  steamer,  she  was  sent  up  the  river  to  Saint  Louis 
<*p  the  nth  of  March.  On  the  same  date  I  left  Memphis  for  Detroit,  arriving  here  on 
tbe  14th. 

The  work  accomplished  during  the  season  may  be  summed  up  as  follows : 

'^riangnlatioH. — From  line  ^  Fairview — ^Stat'e  Line  to  2  miles  above  Helena,  a  dis- 
^ce  01  about  50  miles,  Assistant  Engineer  Wisner  measured  a  secondary  base  line  at 
'^rbert's  Point,  one  mile  long,  and  made  the  necessary  comparisons  between  the  tubes 
'^  in  the  measurement  and  the  standard  iron  15-feet  bar.  Lieutenant  Price  deter- 
•Dined  the  azimuth  of  the  base  and  connected  it  with  the  triangulation.  ■■■  ^m^ 

.  PrtctH  leteU. — From  Austin  to  Friar's  Point,  a  distance  of  27  miles,  work  was  done 
*^  /^nplicate.  At  Helena  levels  were  carried  across  the  river,  and  the  gauge  at  that 
P^nt  connected  with  the  Memphis  gauge.  Permanent  bench-marks  were  established 
when  necessary.  8ome  of  the  work  was  done  in  quadruplicate,  but  is  counted  in  as 
°Wy  (lone  in  duplicate. 
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Topography. — From  Scanlon^s  Landiug  to  Mrs.  Baldwiu^s,  below  Commerce  cut-off, 
a  distance  along  the  main  channel  of  the  river,  acconliug  to  Major  Suter's  map,  of  2S 
miles.  The  survey  of  Council  Bend  shows  14  mile^  more,  or  40  miles  in  all.  The  con- 
tour planes  were  taken  5  feet  apart  instead  of  3  feet,  as  was  the  case  last  year. 

Hydrographif. — For  the  regular  survey  extended  from  Scanlon's  Landing  to  Walnut 
Bend  Landing,  foot  of  Bordeaux  Chute,  a  distance  of  36  miles  down  the  main  cbait 
nel,  or  with  Council  Bend,  making  50  miles  in  all. 

The  section  of  river  from  Austin  to  Delta,  surveyed  by  Mr.  Ockerson,  covered  S 
miles.  The  work  consisted  in  running  the  shore-line  of  banks  and  bars,  sounding, 
determming  water-slope,  and  carrying  a  duidicate  line  of  levels  down  one  bank. 

tVater-slope. — This  was  determined  For  short  stretches  of  river,  and  was  done  at  the 
same  time  the  sounding  was  being  done. 

Sediment, — This  work  was  commenced  November  28,  and  continued  throughout  the 
season. 

Sand-wave  ohservatiofu. — This  work,  as  already  stated,  was  done  by  Mr.  Ockerson'i 
party,  and  consisted  in  sounding  the  10  lines,  5  in  each  section — ^Trotter^s  and  Hcleui 
twice. 

Borings  were  made  as  follows :  Near  A  Wataon^s,  abreast  of  Horn  Lake  bar,  on  Ten- 
nessee side  of  the  river;  on  sand  bar  in  Montezuma  Bend;  on  Mississippi  side  of  river 
at  Harbert's  Point ;  a  short  distance  south  of  saw-mill  below  Helena,  abreast  of  head 
of  towhead  in  Montezuma  Bend,  on  Arkansas  side  of  the  river. 

Very  respectfully,  your  obedient  servant,  D.  W.  Lock  WOOD, 

First  Lieutenant  of  Engintm. 

Maj.  C.  B.  CoMSTOCK, 

Corps  of  Engineers, 


BORING. 

The  apparatus  used  during  the  past  season  was  the  ordinary  drive- well  described  in 
previous  reports.  The  apparatus  proper  worked  very  well.  Once  the  threads  in  the 
steel  driving-cap  were  stripped  and  had  to  be  recut.  The  old  pipe  that  had  been  in 
use  for  the  two  preceding  seasons  was  well  nigh  worihless,  the  iron  £rom  repeated 
driving  and  pounding  having  become  very  granular  in  its  structure,  so  that  the 
threads  on  the  ends  of  the  sections  frequently  stripped  or  broke  short  off  in  the  unions 
while  being  driven.  This  caused  a  good  deal  of  delay.  A  pipe  stock  and  die  were 
purchased  and  found  of  great  service.  In  cutting  threads  on  the  sections  great  earo 
should  be  taken  in  centering  the  pipe  in  the  die  so  that  the  sections  will  Join  in  » 
straight  line. 

The  driving  point  and  socket  were  lost  at  Cairo,  in  the  early  winter  of  1877,  and  have 
•never  been  replaced.    This  should  be  done  before  any  more  work  is  done  with  the  ap- 
paratus, as  in  driving  through  coarse  gravel  the  point  is  absolntely  necessary.    In  or* 
'binary  soil  no  point  is  needed. 

The  following  tables  show  the  strata  passed  throngh  in  each  well  and  the  size  of  th9 
-particles  at  different  depths. 

Boring  No.  1. — Close  to  water  and  204  meters  above  A  Wataon, 

[Keference  of  site,  106.8  feet;  of  bottom,  122.3  feet] 


Depth. 


Feet. 
10 


26 


^to27 
40 


S2 


Material. 


Sand. 


,  ..do 


Size  of  particles. 


10  per  cent,  less  than  0.002  inch 

30  per  cent,  between  0.002  inch  and  0.01  inch  . 

60  per  cent,  between  0  01  inch  and  0.02  inch  . . , 

10  per  cent,  lem  than  0.005  inch 

25  per  cent,  between  O.OOSi  inch  and  0.015  inch  , 

65  per  cent,  between  0.015  inch  and  0.03  inch  . 

Bine  clay  atratum  about  1  foot  thick ;  then  sand  asain , 

Sand 25  percent,  less  than  0.005  uch , 

50  per  cent,  between  0.005  inch  and  0.01 5 inch. 

25  per  cent,  between  0.015  inch  and  0.025  inch. 

30  per  cent,  leas  than  0.005  inch 

40  per  cent,  between  0.005  inch  and  0.01  inch  . 

30  per  cent,  between  0.01  inch  and  0.025  inch  . 
5  per  cent,  less  than  0.005  inch 


.do 


58  * do 


64 
70 


.do 
.do 


45  per  cent,  between  0.005  inch  and  0.015  inch  . . . 
.50  per  cent,  between  0.015  inch  and  0.025  inch  . .. 

70  per  cent,  between  0.005  incli  and  0.01  inch 

30  per  cent,  between  0.01  inch  and  0.015  inch  — 
40  per  cent,  between  0.005  inch  and  0.015  inch  . . 

60  per  cent,  between  0.015  inch  and  0.11  inch  . . . 


Remarks. 


Same  as  at  snrfiMe. 
Light  color ;  silioeoos- 

Light  color;  silic^ou*- 


Dark  color;  siUceoo*- 


Occasional  grains  0. 
inch. 


Sand  grows  coarser  »• 
hole  gets  deeper. 
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otal  depth  of  the  well  was  76.5  feet.     At  72  feet  a  Cottonwood  log  was  stmcky 
head  of  the  piue  had  its  threads  stripped  hy  the  steel  driving-cap  at  76.5  feet, 
g  made  November  29  and  30,  1878. 
•m  of  well  37  feet  below  bottom  of  river. 

No.  2. — On  sandbar  in  Montezuma  Bendflocated  on  Mr,  Ockerson^s  Field  Sheet  Xo,  12. 
[Reference  of  site,  167.2  feet;  of  bottom,  104.2  feet.l 


HateriaL 


Smad. 


Size  of  particles. 


Remarks. 


35  per  cent,  less  than  0.005 inch. 


50  per  cent,  between  0.005  inch  and  0.01  inch  . . . 
15  per  cent,  between  0.01  inch  and  0.02  inch  — 

....do 25  per  cent,  between  0.01  inch  and  0.02  inch 

55  per  cent,  between  0.005  inch  and  0.01  inch  . . . 

20  per  cent,  less  than  0.005  inch 

Bine  clay;  sand  similar  to  above  mixed  with  it 

Sand I  10  per  cent,  between  0.01  inch  and  0.02  inch 

I  15  per  cent,  between  0.005  inch  and  0.01  inch  . . . 

75  per  cent.  less  than  0.005  inch 

do I    5  per  cent,  between  0.01  inch  and  0.02  inch  — 

j  15  per  cent,  between  0.005  inch  and  0.01  inch  ... 

80  per  cent,  leas  than  0.005  inch 

do 70  per  cent,  between  0.01  inch  and  0.02  inch  — 


do 


.do 


I  15  per  cent,  between  0.005  inch  and  0.01  inch 

i  15  per  cent,  less  than  0.005  inch 

...do j  30  per  cent,  neater  than  0.02  ineh  npte  0.05  inch 

50  per  cent,  between  0.01  inch  and  0.02  inch 

20  per  cent,  less  than  0.01  inch 

10  per  cent,  between  0.02  inch  and  0.03  inch 

60  per  cent,  between  0.01  inch  and  0.02  inch 

30  percent,  less  than  0.01  inch 

25  per  cent,  between  0.01  inch  and  0.02  inch 

50  per  cent,  hetween  0.005  inch  and  0.010  inch  . . . 

I  25  percent,  less  than  0.005  inch 

.do Same  as  above 


Sand    from    surface 
down  same. 


Same  to  20  feet. 


Occasional  grains  0.2 
inch  ur  0.3  inch  di- 
ameter. 


\  feet  the  pipe  stmck  a  cotton  wood  log  and  had  to  be  withdrawn ;  a  piece  of 
1 12  inches  long  was  brought  up  cut  square  across  the  grain.    The  water  was 
10  fast  that  there  was  danger  of  the  boat  grounding,  and  in  addition  the 
;r  turned  very  cold,  so  that  boring  in  this  locality  was  abandoned. 
k  done  December  30  and  31,  1878. 
og  extended  to  within  11  feet  of  river  bottom  abreast  of  the  boring  site. 

Boring  No.  3,— At  HarberVs  Pointy  200  meters  above  ^  Shoo  Fly, 
[Reference  of  site,  194.2  feet ;  of  bottom  of  well,  94.2.] 


HateriaL 


Mold 

Brown  clay  and  silt 

Blue  clay 

Brown  sand. 


do 


Gray  sand 
do... 


Sand. 


.do 
.do 


.do 


Size  of  particles. 


Silt  and  surface  deposit 


20  per  cent,  between  0.01  inch  and  0.015  inch 
25  per  cent,  between  0.005  inch  and  0.01  inch 

55  per  cent,  less  than  0.005  inch 

40  per  cent,  between  O.Ol  inch  and  0.02  inch  . , 
30  per  cent,  between  0.005  inch  and  0.01  inch 

30  per  cent,  less  than  0.005  inch 

50  per  cent,  between  0.01  inch  and  0.02  inch. . 

50  per  cent.  ]^«s  than  0.01  inch 

40  per  cent,  between  0.01  inch  and  0.015  inch 

60  per  cent,  less  than  0.01  inch 

Same  as  above 

10  percent,  between  0.01  inch  and  0.015  inch. 
45  per  cent,  between  0.005  inch  and  0.01  inch. 

45  per  cent,  less  than  0.005  inch 

5  per  cent,  between  0.01  inch  and  0.015  inch  . 
45  per  cent,  between  0.005  inch  and  0.01  inch 

50  per  cent,  less  than  0.005  inch 

50  per  cent,  between  0.01  inch  and  0.02  inch  . 
30  per  cent,  between  0.005  inch  and  0.01  inch. 
20  per  cent,  less  than  0.005  inch 


Remarks. 


Mixed  with  silt. 


Very  little  silt. 
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From  60  feet  down  to  100  feet  the  material  brought  up  was  pure  ttand,  quite  regular 
in  size. 

The  above-described  well  was  commenced  January  30,  but  the  upper  end  of  the  pipe 
broke  off  after  the  pipe  was  down  18  feet.  Diiriuc  the  31st  the  upper  threads  were 
stripped  several  times,  and  on  February  1  the  sivd  driving-cap  was  taken  to  Memph« 
to  be  upset  and  have  a  new  thread  cutin  it.  Boring  was  resumed  on  February  4,  and 
completed  on  the  7th. 

Boring  extended  9  feet  below  river  bottom. 

Boring  No.  4. — Forty  feet  above  A  40  (Ockerson), 
[Reference  of  site,  190.3  feet;  reference  of  bottom'of  well,  105.3  feet.] 


Depth. 


HateriaL 


Sice  of  particles. 


Remuu-ki. 


FesL 
0to6  . 

6  to  16 

16. 
At  24. 
At  30. 
At  36. 
At  42. 
At  48. 
At  54. 
At  80. 


At  85 


Surftioe    soil    and  mud;  I 
drab  color.  | 

Blue  clay ;  free  from  sand. 


.do 

.do 

do 

.do 

do 


do 

do 

Sand  and  blue  clay. 


Bock 


Some  sand ;  none  greater  tban  0.005- inch 

10  per  cent,  larger  than  0.01  inch 

70  per  cent,  between  0.005  inch  and  0.01  inch  .. 

20  per  cent,  less  thim  0.005  inch 

Bedrock 


The  progress  of  the  pipe  was  stopped  at  85  feet.  Upon  drawing  it  up,  the  bottom 
section  for  a  length  of  2  feet  was  found  to  be  split  and  the  bottom  very  much  battered. 
The  lower  part  of  the  pipe  was  filled  with  clay,  decomposed  rock,  and  fragments  of 
tbe  rock  itself,  containing  fossil  shells. 

Rock,  areuacious-greenish  color,  especially  when  wet. 

This  work  was  done  February  11  and  12,  1879. 

The  bottom  of  the  well  was  23  feet  below  the  river  bottom. 

BoRiNO  No.  5. — Abreast  of  head  of  Montezuma  Towhead,  on  Arkansas  side  of  river, 
IKefierenoe  of  site,  182.0  feet;  reference  of  bottom  of  well,  87.0  feet] 


Depth. 


Feet, 

0to6  . 
At  12. 
At  18. 
At  24. 

At  30. 

At  36. 
At  42. 


At  48 
At  05 


Hkterial. 


Brown  olay 

...do 

...do 

Sand 


.do 


...do 

...do 

And  some  clay. 


Same 


Same 


Size  of  particles. 


Remarks. 


No  sand 

Some  sand ;  5  per  cent,  over  0.005  inch 

Some  sand ;  none  over  0.005  inch 

50  per  cent,  between  0.005  inch  and  0.01  inch 

50  percent,  less  than  0.005  inch 

70  per  cent,  between  0.005  inch  and  0.01  inch 

30  per  cent,  less  than  0.005  inch 

Same  as  at  30  feet 

30  per  cent  larger  than  0.01  inch 

40  per  cent,  between  0.005  inch  and  0.01  inch 

30  per  cent,  less  than  0.005  inch 

40  per  cent,  between  0.01  inch  and  0.02  inch 
30  per  cent,  between  0.005  inch  and  0.01  inch 

30  per  cent,  less  than  0.005  inch 

00  per  cent,  between  0.02  and  0.05  inch 

20  per  cent,  between  0.01  and  0.02  inch    

20  per  cent,  less  than  0.01  inch 


Beference  of  I^ 
n>  of  gaMgfi  9i 
Helena,  14^9 
feet.  DistsBoe 
from  gauge  to 
boring  site,  6 
miles.  Bivvr 
slope,  0.40  feet 
per  mile.  Bead- 
ing of  Hel0i» 
guaglt,  Feb.2A, 
28.5  feet  Pu- 
tance  from 
plane  of  boring 
site  to  water 
surface,  Feb. 
20.  7  feet 


This  boring  was  made  February  19  and  20.  The  pipe  parted  while  being  drawn  up, 
42  feet  remaining  in  the  cround.  In  hauling  up  the  pipe  the  jack-screws  were  gener- 
ally used  to  get  up  one  length,  then  the  clamp  was  fastened  on,  and  pry -poles  used. 
The  boring  extended  61  feet  lower  than  the  river  bottom  in  the  chute ;  23  feet  lower 
than  the  main  river  bottom  abreast  of  the  site.  The  river  bottom  at  Delta  was  7  feet 
lower  than  bottom  of  well. 

SEDlAfENT. 

O  3servations  to  determine  the  amount  of  sediment  in  water  at  surface  and  at  one  foot 
from  the  bottom  of  the  river  were  conmienced  November  28,  and  continued  throughout 
the  season.    As  stated  before,  Mr.  Ockerson  had  charge  of  this  work. 
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stmctions  under  which  the  work  was  done  were  as  follows: 
;et  avei*a^e  valnes:  Surface  samples  will^  when  practicable,  be  taken  at  about 
tJie  width  of  the  river.    These  will  be  mixed,  and  the  samples  to  be  kept  will 
Q  from  their  mixture.    The  same  for  bottom  water.     Surface  and  bottom 
Tidy  of  course,  always  to  be  kept  separate,  but  are  to  undergo  the  same  treat- 

ihore ;  having  thoroughly  stirred  up  the  surface  water  so  that  the  coarse  grains 
in  suspension,  take  a  known  volume  of  it,  a  little  less  than  one-fifth  the  vol- 
he  holder,  and  put  it  into  a  large  firuitrjar  or  other  convenient  holder.  ♦  ♦  » 
ys'  samples  of  equal  values  (one  sample  being  taken  on  each  day)  should 
il  one  jar,  which  will  then  be  set  aside  to  settle  till  its  water  is  nearly  or  quite 

water  in  a  jar  having  become  nearly  or  quite  clear,  the  clear  water  is 
1  otf,  and  what  remains  in  the  jar  is  poured  on  a  filter-paper,  using  two  if  one 
te  jar  rinsed  with  a  little  clear  water,  and  the  rinsings  poured  on  the  iilter- 
The  fi.ltrate  and  filter-paper  are  allowed  to  dry  thoroughly  in  company  with 
filt«r-paper  of  the  same  size  (weight?)  and  quality.  Then  the  filtrate  with 
r  is  weighed,  and  also  the  clean  filter-paper.  The  latter  weight  subtracted 
5  former  gives  the  weight  of  the  sediment." 

le  was  found  in  getting  a  bucket  that  would  work  well  in  getting  bottom 
The  r&sults  obtained  for  sediment  at  the  bottom  of  the  river  indicate  that  in 
kses  sand  and  mud,  stirred,  up  by  the  bucket  striking  the  bottom,  were  brought 
(  rendering  those  results  worthless.  The  observations  were  made  from  Austin 
I  and  in  the  vicinity  of  Bennett's  Landing  and  Commerce.  The  measured 
r  taken  each  day  was  100  grammes,  so  that  in  the  table  following  the  column 
'*  sediment'^  shows  the  amount  of  sediment  in  500  grammes  ofwater.  The 
sediment  is  not  given. 


SEDIMBNT  OBSERVATIONS. 

D  the  following  notes  the  omimions  marked  thus  (X)  were  made  because  no  confidence  is  placed 
results,  as  the  apparatus  used  tor  obtaining  bottom  siK>cimens  did  not  work  satisfactorily. 


Dates. 


Depth. 


13  to  17,  mcl. 
18  to  22,  incl. 


Surface. 
Bottom. 
Surface. 
Bottom. 

to  27,  incl SurfEice. 

I  Bottom. 
28  to  Jan.  1,  incLl  Surface. 
I  Bottom . 

2  to  6,  incl '  Surface. 

Bottom. 


7toll,incl.... 
12tolfi,inGl... 

17  to  21,  Incl... 

32to2S.incl.. 
27  to  31,  incl.., 

1  to  5,  incl 

6tolO,incl..., 
U  to  15,  incl . . . 

18  to  20,  incl... 


Surface.. 
Bottom . . 
Surface.. 
Bottom . . 


Surface. 
Bottom. 

'  Surface. 
Bottom. 
Surface. 
Bottom. 
Surface. 
Bottom. 
Surfacti. 
Bottom. 
SurfiMw. 
Bottom. 

Surface. 
Bottom . 


•a 


500,000 
500,000 
500,000 
500,000 
500,000 
500,000 
500,000 
500,000 
500,000 
500,000 


500,000 
500,000 
500,000 


500,000 
500,000 


500,000 

566,666 

'566,660 


500,000 


49 


2«8.8 
303.8 
200.8 
305.0 
218.8 
238.1 
174.2 
202.5 
198.2 


192.6 

240.  5 

213.2 

(X) 


iVtT 


Per  cent,  of 

particles  by 

diametor. 


e4 


s 


^ai^5 


oS 


o 

«'«! 

O  JM 


zkVs 


481.5 
(X) 

394.0 

(X) 

332.5 

(X)     ,. 
223.3  I 
(X)     I 
232.0  I 
(X)      . 
515.3 

360.6  ! 

205. 7  ! 
(X)     1 


25 

80 
40 
100 
60 
55 
80 
60 
40 


40 


60 
40 


40 
30 
20 
30 
50 


40 
40 


85     15 


u^«  1 100 


tAv 


90 


10 


ibV* 


raSv 


100 


95 


riV» 


100 


sAt  ilOO 


.0 


40     35 

20 


20 


10 
10 


20 


Remarks. 


15    Pieces  of  glass  found. 


On  last  two  dates  the  speci- 
mens were  taken  from  only 
one  side  of  the  river.  Run- 
ning ice  prevented  cross- 
ing. 

See  No.  6. 

Specimens  of  18th,  13th,  and 

15th  were  token  only  <m 

one  side  of  river.    Ice  (ae* 

noto  at  5). 
First    bottom    flltor-paper 

broke  and  sediment  not  all 

washed  off. 


B7  mistake  the  surface  spec- 
imens of  14th  and  15th  were 
put  in  bottom  jar. 
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Sediment  observations — CoDtinued. 


• 

1 

Dates. 

1 
Depth. 

irater. 

S 

1 

O 

•a 

Proportion  of  sediment 
to  water  by  weight. 

Per  cent,  of 

particles  by 

diameter. 

Bemax 

1 

1 

o 

■•a 

•s 

Inches, 
.0  to  .002. 

Inches, 
.002  to. 005. 

Inches, 
:             .005  to  .01. 

15 

Feb.  21  to  25,  incl 

Feb.  25  to  Mar.  1,  incl. 
Mv.  2  to  6,  incl 

Surface.. 
Bottom . . 

MiUig't. 
500,000 

16a  4 

fi^ 

sand  too  large, 
bottom  jar  wa 
glass  got  in  ai 
be  separated. 
20  per  cent.    > 

16 

Surface.. 
Bottom . . 

600,000 

136.0 
(X) 
109.1 

Wrr 

30 

30 

20 

17 

Surface. . 
Bottom.. 

559,600 
559,500 

i^ 

40 

20 

20 

20  per  cent    > 

RIVER  SLOPE. 

The  slope  of  the  water  surface  was  determined  for  short  sections  of  the 
Scanlon's  Landing  to  Delta,  with  the  exception  of  a  short  stretch  betwei 
Bend  Landing  and  Austin,  or  more  properly  O.  K.  Landing.  The  method  ac 
to  set  out  gauges  from  two  to  six  miles  apart,  the  zeros  of  which  were  car 
nected  by  a  line  of  levels,  and  take  simultaneous  readingrs  on  them  for  five  hi 
difference  in  height  of  the  water  surfaces  at  the  two  gauges  divided  by  th 
between  them  in  miles  gives  the  slope  or  fall  per  mile. 

In  cases  where  it  was  necessary  to  get  the  gauge-readings  before  the  1< 
run  in  order  to  obtain  the  slope  correspoudinp;  to  a  certain  stage  of  water,  1 
were  established  in  the  usual  way,  and  their  zeros  referred  to  bench-mar 
bank  in  some  secure  place,  these  bench-marks  being  connected  with  the  le 
ward. 
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Feet. 
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Scanlon*8   Landing  to 

6.9 

Jan.       2 

9.8 

-0.  035 

0.84 

Gange. — Scanlon's,    in     i 

Norfolk  Landing. 

straight  river. 

Scanlon's   Landing  to 

6.6 

Jan.     26 

28.3 

+0.017 

0.42 

Gauge.— Norfolk,  in  curr 

Norfolk  Landing. 

187a 

Dec.      6 

river.    Two  gauges  neai 

Norfolk  Landing  to  Star 

4.4 

17.2 

+0.127 

0.35 

Gange. — Star    Landing, 

Landing. 

1879. 

straight  river. 

Norfolk  Landing  to  Star 

4.8 

Jan.     28 

28.9 

+0. 014 

0.36 

Landing. 

187& 

Star  Landine  to  Ben- 
nett's Landing. 

Bennett's  Landing  to 
Commerce  Landing. 

5.3 

Dea    10 

20.7 

-0.006 

0.25 

Gange. — ^Bennett's   Land 

&! 

rent,  convex  bend. 

Deo.    12 

20.3 

-0. 010 

0.44 

Gauge. — Commerce  Land 

rent,  convex  bend. 

1878. 

Commerce    Landing 

2.5 

Nov.    30 

4.8 

0.415 

Gange  No.  2,  at  foot  of  C 

down  to  Xo.  2. 

head,  in  main  current. 

No.3toNo.4 

3.6 

Dec.    13 

20.4 

0.729 

Gauge  No.  3,  in  <9jift«n' 
bend ;  No.  4,  same,  at  M! 

big. 

No.4toNo.5 

3.3 

Dec    17 

21.1 

0.426 

Gauge  No.  6,  in  current  at 
deaux  Chute. 

No.5toNo.6 

3.05 

Deo.    21 

2L0 

1.090 

Gauge  No.  6,  id  current  a1 

deaux  Chute. 

1879. 

A  Star  Landtag  to  "0" 

7.42 

Jan.    29 

28.9 

0.380 

Both  gauges  in  current 
river,  "0"  1  2,100  met 

Crauge  No.  1. 

Cottonwood. 

Commerce  Landing 

3.11 

Jan.     29 

28.9 

0.724 

No.  10,  at  foot  of  bar,  Chu 

(No.  1)  to  No.  10. 

^ 
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Between  (Gaage  1)  O.     2. 17  !  Not.    29 

4.8 

0.31 

Gaage  No.  1.— Jast  above  where  current  strike* 

£.  LaiHling  and  Har- 

the  bank  above  O.  K.    Gaage  No.  2. — A  short 

b(3tsPuint(Gauge2). 

1879. 

distance  below  where  main  channel  leavea 
left  bank. 

Between   Harbert'a 

t22 

Feb.    19 

20.2 

0.475 

Gauge  No.  4. — Behind  a  sand  point,  out  of  the 
current,  and  opposite  Saint  Francis  Bend. 

Point  and  Saint  Fran- 

cis Island  (Gaage  4). 

187a 

Betvera  Saint  Francis 

4.35 

Dec    11 

20.7 

0.243 

Gauge  No.  6. — A  little  above  where  current 

Iilaad   and    Helena 

strikes  the  bond  at  Helena  Island. 

Iilaad  (Gaage  6). 
Between  Helena  Island 

2.71 

Dec.    18 

20.9 

0.610 

Gauge  No.  8. — A  short  distance  below  where 

tod  point  above  Glen- 

current  leavea  left*bank. 

dale  ((Huige  8). 

Between  point  above 

2.92 

Dea    23 

20.8 

0.298 

Gauge  No.  10.— Out  of  current. 

Glendale  and  bar  be- 

low (Gaage  10). 

1879. 

Between  bar  below 

4.80 

Jan.      3 

9.2 

0.370 

Gauge  No.  11. — A  short  distance  above  where 

GleadaleandGTMat'a 

main  current  strikes  the  bank  in  Montesum» 

Pt«  ((iaage  U). 

Bend. 

Betwem  Grant's  Pass 

3.11 

Jan.      4 

a7 

0.357 

Gauge  No.  13. — A  short  distance  below  where 

aiMlI>eha  (Gauge  13). 

current  leaves  the  left  bank. 

APPENDIX  No.  4. 

Reports  of  Chiefs  of  Parties. 

1.— report  op  lieutenant  p.  m.  price,  corps  of  engineers. 

Detroit,  Mich.,  May  1,  1879. 

Sir:  I  have  the  honor  to  suhmit  the  following  report  of  the  duties  npon  which  I 
hive  been  engaged  since  June  30,  1878 : 

Dnring  the  month  of  July  I  was  in  the  office.  On  July  30  I  was  directed  to  proceed 
on  Augnst  2  to  Sandusky,  Ohio,  to  rea<l  the  angles  at  the  ends,  at  the  two  angular 
points,  and  at  the  auxiliary  station  of  the  Cedar  Point  base  line  which  was  then  being 
meMured.  I  used  the  Pistor  and  Martin  14-iuch  theodolite,  and  obtained  twentv-four 
combined  results  in  each  angle.  I  also  read  to  the  steeple  of  the  Methodist  Church 
from  the  east  and  west  base  stations,  and  connected  the  steeple  with  the  longitude 
post  of  1868  by  azimuths  and  distances. 
The  above  work  was  completed,  and  I  returned  to  Detroit  on  October  26. 
On  November  1,  I  was  directed  to  proceed  to  Memphis,  Tenn.,  reporting  en  route  to 
Lifntenant  Lockwood,  at  Louisville,  Ky.,  for  instructions  in  regard  to  the  beginning 
ofthe  survey  at  Memphis.  I  was  also  to  remain  at  Louisville  to  assist  Lieutenant 
Lockwood  in  preparing  the  nuarter-boats  until  the  yellow  fever  had  abated  sufficiently 
*t  Memphis  to  render  it  sale  to  go  there.  I  reached  Memphis  on  November  16,  and 
Mween  that  time  and  the  20th,  when  Lieutenant  Lockwood  arrived  with  the  new 
Wts,  I  had  the  Arkansas  disinfected  and  cleaned. 

I)aring  the  field  season  I  had  charge  of  the  survey-boat  Louisiana,  the  parties  on 
^hich  consisting,  besides  myself,  of  A.Hsistant  Engineer  G.  Y.  Wisuer.  Recoraers  G.  W. 
(^•iman  and  C.  M.  Lightner,  and  a  crew  of  14  men,  were  directed  to  do  the  secondary 
^angulation. 

The  angles  were  read  by  Mr.  Wisner  and  myself,  my  instrument  being  the  12-inch 
Troaghton  and  Si  nuns  theodolite. 
The  Louisiana  was  towed  down  to  Norfolk  Landing  on  the  24th  of  November. 
The  triangulation  was  commenced  at  the  line  FairNiew — State-Line — the  closing 
line  of  the  preceding  season^s  triangulation,  by  the  occupation  of  those  two  stations. 

Much  time  and  labor  were  saved  by  the  use  of  portable  stations,  five  of  which  I  had 
made  by  the  crew  at  the  commencement  of  the  season.  The  tripo<ls — three  of  which 
were  12  feet,  and  two  6  feet,  in  height — were  made  of  4  by  4  inch  stuff,  braced  by  2  by 
4  inch  scantling,  and  the  parts  were  fastened  together  by  j-inch  bolts,  6|  and  7  inches 
long,  so  that  they  could  be  readily  taken  apart  and  put  together  again.  It  was  found, 
however,  that  it  was  unnecessary  to  take  the  tripods  apart  in  transporting  them.  One 
eould  be  readily  carried  in  the  six-oared  cutter  by  placing  it  across  the  bow,    Th^ 
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comer  posts  of  the  platforms  were  3  by  3  inch  scantling,  and  the  braces,  2  by  4  inch 
scantling,  and  were  put  together  by  boltit  in  the  same  manner  as  the  tripods.  The 
platform  had  to  be  completely  taken  apart  in  moving  the  station. 

The  triangulation  was  continued  without  interruption,  other  than  that  caused  by 
occasional  bad  weather,  until  Walnut  Bend  was  reached,  on  the  2d  of  January.  Dur- 
ing the  night  of  the  2d,  ice  commenced  running  in  the  river  and  continued  until  thfi 
18th  of  January,  and  during  this  time  triangulation  was  completely  8usx>ended,  as  it 
was  impossible  to  cross  the  river  to  put  up  targets  or  stations.  Work  was  resumed  on 
the  18th,  but  was  again  interrupted  on  the  24tb,  by  which  time  the  river  had  risen  to 
such  a  height  as  to  overflow  its  banks  in  many  places  and  prevent  the  location  of  sta- 
tions and  cutting  of  lines.  We  were  not  able  to  proceed  with  the  triangulation  until 
February  3.  On  the  8th  it  had  been  completed  to  the  mouth  of  the  8aint  Franeis 
River,  and  on  the  10th  the  Louisiana  was  towed  back  to  Harbert^s  Point,  orders  har- 
ing  been  received  that  a  base  line  should  be  measured  by  Mr.  Wisner  and  that  I  should 
read  the  angles  to  connect  the  base  line  with  the  triangulation.  I  also  determined  the 
azimuth  of  the  base  line  by  three  nights'  observations  on  Polaris,  and  two  on  d  Unn 
Minoris,  at  their  elongations. 

The  operations  at  tne  base  line  were  completed  and  the  triangulation  taken  op 
again  on  the  1st  of  March,  and  the  last  Htations  were  occupied  on  the  4th  of  Mareh. 
Tne  triangulation  closed  on  the  line  ^  Helena  Island — at  the  head  of  Helena  Island— 
and  A  Adams  on  the  Arkansas  shore  about  2|  miles  above  Helena.  It  is  believed  that 
both  these  btations  will  remain  for  several  years. 

During  the  season  I  occupied  32  stations  and  read  126  angles,  obtaining  8  combined 
results  on  each  angle. 

Recorder  C.  M.  Lightner  rendered  efficient  service  during  the  season. 

The  Louisiana  was  towed  up  to  Memphis  on  March  6,  and  on  the  following  day  the 
property  was  stored  in  the  warehouse  and  the  crew  discharged.     I  returned  to  Detroit 
on  the  16th  of  March,  and  since  that  time  have  been  engaged  in  tabulating  the  resalto 
of  the  winter's  work  and  in  collecting  material  for  a  history  of  the  Lake  Survey. 
Very  respectfully,  your  obedient  servant, 

Philip  M.  Price, 
First  Lieutenant  of  Engineen. 

Maj.  C.  B.  CoMSTocK, 

Corps  of  Engineers, 


2.— rerort  of  mr.  g.  y.  wisner,  assistant  engineer. 

Office  United  States  Lake  Survey, 

Detroit,  Mich,,  ApHl  30,  1879. 

Sir:  I  have  the  honor  to  submit  the  following  report  of  work  done  by  the  pactf 
under  ray  charge  since  September  4,  1878. 

In  accordance  with  your  inatractions  of  September  4, 1878,  the  party  waa  organised, 
with  J.  C.  Eaton  as  recorder  and  T.  C.  Hockridg«  as  observer's  attendant,  and  pro- 
ceeded at  once  to  Sturgis,  Mich.,  to  continue  the  measurement  of  angles  of  the  primAiy 
triangulation  between  Lake  Erie  and  Lake  Michigan. 

The  party  remained  in  the  field  until  November  8,  and  then  returned  to  Detroit  for 
the  season. 

On  November  18, 1  again  left  Detroit  for  field-work  and  reported  to  Lieot.  D.  W. 
Lock  wood,  at  Memphis,  Tenn.,  for  duty  on  board  the  United  States  survey-bost 
Louisiana,  and  until  March  7,  1879,  was  occupied,  in  connection  with  Lient.  P.  M. 
Price,  in  reconuoitering  and  measuring  angles  for  the  triangulation  of  the  Mississippi 
River,  and  in  measuring  a  base  line  at  Harbert's  Point,  Miss. 

On  March  10,  I  returned  to  this  office,  and  since  then  have  been  occupied  with  the 
reduction  and  compilation  of  my  past  season's  fieldnotes,  reduction  of  the  water-lev«l 
records  for  the  lakes,  and  duplicate  computation  of  a  portion  of  the  levels  of  precisioii 
for  the  Mississippi  River. 

The  following  table  gives  a  summary  of  field  work : 

Triangulation  between  Lake  Erie  and  Lake  Michigan  : 

Number  of  stations  occupied 7 

Number  of  primary  angles  measured 38 

Number  of  vertical  angles  measured 27 

Mississippi  River  triaugulations : 

Number  of  stations  located 63 

Number  of  stations  occupied 31 

Number  of  angles  measured 11^ 

Number  of  base  lines  measured 1 

Very  respectfully  submitted.  Geo.  Y,  Wisner, 

Assistant  JSngineer, 
Maj.  C.  B.  CoMSTOCK, 

Corps  of  Engineers  J  U,  S,  A, 
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3. — rkpokt  op  mr.  r.  8.  woodward,  assistant  engineer. 

Office  United  States  Lake  Survey, 

April  30,  1879. 

Sir  :  In  compliance  with  your  orders  of  April,  1879, 1  have  the  honor  to  submit  the 
following  report  of  field  and  office  work  done  by  me  between  July  3,  1878,  and  May  1, 
1879. 

On  July  3,  1878,  I  left  Detroit  with  instructions  to  remeasure  the  primary  angles  at 
stations  Oswego,  Stony  Point,  south  base,  and  Gasport,  locate  a  shoal  in  the  Saint 
Lawrenc*  River  near  Dickinson's  Landing,  and  inspect  the  water-gauge  stations  at 
Sacket's  Harbor,  N.  Y.,  Charlotte,  N.  Y.,  Erie,  Pa.,  and  Cleveland,  Ohio. 

The  work  was  completed  November  25^  on  which  date  I  returned  to  Detroit. 

In  the  triangulation,  one  new  line,  viz,  Oswego,  south  base,  was  observed  over  in 
both  directions,  and  several  new  sum-angles  were  measured.  The  work  at  Oswego 
was  delayed  ^nd  rendered  tedious  and  unsatisfactory  by  haze,  hit'h  wind,  and  lack  of 
refraction  on  the  lines  to  Vanderlip  and  Duck  stations.  It  is  probable,  however,  that 
the  ten  new  sum-angles  observed,  together  with  the  measurements  of  1875,  will  give 
a  good  determination  of  the  angles. 

At  Stony  Point  and  Gosport  stations  considerable  delay  was  caused  by  gales. 

Between  November  25,  1878,  and  May  1,  1879,  I  have  been  engaged  chiefly  on  the 
following  office  work : 

1.  Tabnlation  of  angles  read  by  me  in  1878,  with  computation  and  application  of 
corrections  for  positions  of  instrument  and  signals. 

8.  Tabulation  of  primary  angles  read  by  Assistant  Engineer  G.  Y.  Wisner  in  1878, 
with  computation  and  application  of  corrections  for  positions  of  instrument  and  sig- 
nals. 

3.  Conii)utation  of  adjustment  of  quadrilateral  about  Minnesota  Point  base-line. 

4.  Rednction  of  eight  nights'  time  observations  made  by  Capt.  H.  M.  Adams,  and 
two  nights'  time  observations  made  by  Lieut.  C.  F.  Powell,  in  1878. 

During  the  past  winter,  also,  the  results  of  observations  which  have  been  made 
lince  the  spring  of  1876,  for  determining  the  constants  of  the  Troughton  and  Simms 
theodolite  No.  3,  have  been  collected,  and  are  given  in  MS.  Report  No.  1009. 

The  constant's  determined  are: 

1.  Valne  of  space  on  horizontal  limb  between  graduation  marks  359°  55'  and  00°. 

2.  Value  1  division  of  vertical  circle  level, 

3.  Valne  1  division  of  striding  level. 

4.  Constants  in  terms  of  periodic  series  eliminated  in  mean  of  the  i*eadings  of  the 
mirmscopes  on  horizontal  limb. 

5.  Constants  in  terms  of  periodic  series  not  eliminated  in  the  mean  of  the  readings  of 
the  microscopes  on  horizontal  limb. 

The  following  is  a  summary  of  the  season's  field  work : 

Number  stations  occupied 4 

KumbAr  angles  measured 35 

Namber  water-gauge  stations  inspected .' 4 

Very  respectfully, 

R.  S.  Woodward, 

Assistant  Engineer. 
General  C.  B.  Comstock, 

Superintendent  United  States  Lake  Surrey, 


4.—KEPORT  OF  MR.   J.   A.    OCKERSON,  ASSISTANT  ENGIXEER. 

Office  United  States  Lake  Survey,  May  1,  1879. 

Sir  :  I  have  the  honor  to  submit  the  following  report  of  work  done  by  the  party 
under  my  charge  during  the  winter  of  1878-79  on  the  survey  of  the  Mississippi  River. 

I  arrived  at  Memphis,  Tenn.,  on  November  20,  and  on  the  21st  was  assigned  quar- 
tos on  the  United  States  survey -boat  Tennessee. 

After  taking  on  board  the  necessary  property,  the  quarter-bpat  was  towed  to  O.  K. 
Landing,  Miss.,  60  miles  below  Memphis.  In  accordance  with  instructions  from  Lieut. 
D.  W.  Lock  wood,  a  survey  extending  from  near  Austin  to  Delta,  Miss.,  for  the  Mis- 
sissippi River  Board  of  Engineers,  was  begun  on  November  28. 

This  survey,  which  was  in  advance  of  the  secondary  triangulation,  comprised  a 
tertiary  triangulation,  a  duplicate  line  of  levels,  determination  of  river  slope,  shore 
hne  of  both  banks,  of  bars,  tow-heads,  and  islands;  topography  of  bars  and  tow- 
heads  and  soundings. 

Ob^rvatious  for  azimuth  were  made  at  O.  K.  Lauding,  and  the  triangulation  was 
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carried  from  a  carefully  chaine<l  base-line  to  a  check  base  at  the  end  of  the  work, 
where  observations  for  azimuth  were  also  made,  as  a  check  on  previous  determiuatioDS. 

A  duplicate  line  of  levels  was  carried  down  the  left  bank  of  the  river.  The  line  wm 
duplicated  by  usinc  two  rods  over  the  same  turning  points,  the  height  of  the  instru- 
ment being  changed  for  each  rod.  Between  Austin  and  Trotter's  Landing,  a  distaDce 
of  about  IS  miles,  the  mean  result  differed  from  the  precise  levels  0.030  foot,  beiug 
smaller. 

At  Delta,  a  distance  of  12  miles  from  Trotter's  Landing,  the  mean  result  differed 
from  the  precise  levels  0.124  foot,  beiug  smaller. 

Gauges  to  determine  river  slope  were  placed  at  intervals  averaging  3.6  miles,  the 
greatest  distance  beiug  6.2  and  the  shortest  2.2  miles. 

The  elevations  of  zeros  were  determined  by  the  ordinary  levels,  and  to  determine 
slope  simultaneous  readings  were  taken  at  two  gauges  for  at  least  five  hours.  These 
readings  were  taken  when  the  river  was  nearly  stationary,  as  determinations  made 
when  the  river  is  either  rising  or  falling  rapidly  are  necessarily  erroneous. 

The  river  slope  changes  with  every  change  of  the  stage  of  the  river;  therefore  theee 
determinations  are  only  true  for  the  stage  at  which  they  were  made. 

The  results  are  given  in  Table  No.  1. 

The  northwest  comer  of  Township  29  north,  range  3  west,  was  connected  with  the 
survey. 

At  Delta  the  elevation  of  the  high-water  mark  of  1874  was  determined. 

The  record  was  kept  by  Mr.  T.  B.  Hooker,  who  marked  on  a  gate-post  the  highest 
point  reached,  which  was  on  April  17. 

The  elevation  of  this  point  above  the  datum  plane  =  189.8  feet;  on  January  11,1879, 
water  surface  was  153.4  feet  above  datum  plane. 

SOUNDINGS. 

In  sounding,  a  lead  weighing  19f  pounds  was  used,  as  it  was  found  that  a  light  lead, 
such  as  was  used  in  sounding  on  the  lakes,  did  not  give  good  results.  A  smaUer  lead- 
line would  be  better,  as  a  smaller  surface  would  then  be  exposed  to  the  action  of  the 
current. 

Generally,  lines  were  sounded  across  the  river  at  intervals  of  from  250  to  500  meters. 
But  where  the  current  was  rapid  and  the  water  deep,  better  results  were  obtained  by 
sounding  lines  longitudinally,  allowing  the  cutter  to  float  down,  the  crew  rowing  jost 
enough  to  give  steerage  way.  Soundings  were  located  with  theodolites  from  theee 
tertiary  points  on  shore. 

The  Frairie  Point  Bar  and  the  bar  below  Glendale  were  surveyed  twice,  at  stag^ 
differing  about  16  feet.  There  are  both  soundings  and  elevations  determined  by  the- 
odolite, covering  the  same  area.  On  reducing  soundings  to  elevations  above  datiim 
plane,  and  comparing  with  topographic  elevations,  they  were  found  to  agree  very 
closely,  showing  that  in  the  cases  quoted  the  elevation  of  the  bars  was  not  changed 
by  their  being  submerged.  * 

CAVING  BANKS. 

On  the  left  bank,  from  the  foot  of  Ship  Island  down  about  a  mile,  the  bank  is  clay 
and  sand,  and  is  caving  rapidly. 

The  right  bank  opposite  Shoo  Fly  Bar,  composed  of  sand  and  silt,  is  said  to  have 
caved  400  feet  in  four  years.  The  soil  does  not  break  away  in  large  masses,  as  iu  the 
ca.se  of  clay  banks,  but  crumbles  in  and  washes  away,  much  as  though  it  was  fine  dry 
sand. 

Near  the  mouth  of  the  Saint  Francis  River  the  right  bank  is  caving  slightly. 

The  next  caving  is  at  Helena  Island,  and  extends  along  the  left  bank  to  three-fourths 
of  a  mile  below  Trotter's  Lauding.  The  island  is  composed  of  very  loose  soil,  which 
wears  away  easily. 

At  Trotter's  Lauding  the  bank  is  clay  and  sand,  and  during  the  time  the  party  w» 
working  in  that  \acinity,  caving  was  going  on  at  the  rate  of  10  feet  per  day. 

In  the  bend  below  Helena  the  banks  are  silt  and  sand,  and  caving. 

In  Montezuma  Bend  the  banks  are  silt  with  streaks  of  blue  clay  overlying  sand, 
and  cave  rapi<lly,  entire  plantations  having  disappeared.  The  process  here  seems  to 
be  that  the  sand  washes  out  underneath,  and  the  firmer  soil  composinp^  the  upper  strata 
settles  with  the  river  bodily,  often  leaving  the  trees  erect  for  some  time.  Iu  this  way 
several  acres  disappear  at  the  same  time.  When  the  ground  begins  to  settle,  the  pro 
cess  is  hastened  by  the  rain  which  flows  into  the  seam  behiud  it.  After  it  once  be- 
comes submerged  it  wears  away  quite  rapidly. 

BARS   AND  TOW-HEADS. 

The  middle  bars  between  O.  K.  and  Harbert's  Landings  are  chiefly  sand,  except  at 
the  lower  end,  where  silt  is  found.     Opposite  these  bars,  on  the  right  bank,  is  a  saud 
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bar  exteuding  dowu  abont  a  mile  below  Harbert's  Landia^^.  There  is  no  gravel  on 
either  of  these  bars.  The  sand  is  divided  about  as  follows,  viz :  45  per  cent/less  than 
O.Ol  inch,  40  per  cent,  between  0.01  and  0.02  inch,  and  15  per  cent,  above  0.02  inch 
in  diameter. 

Shoo  Fly  Bar  lies  about  a  mile  below  Harbert's  Landing.  The  head  of  the  bar  is 
mostly  gravel,  varying  from  0.1  inch  to  4.0  inches  in  diameter. 

The  main  part  of  the  bar  is  sand,  of  which  40  per  cent,  is  less  than  0.02  inch  in 
diameter,  40  per  cent,  between  0.02  inch  and  0.04  inch,  and  20  per  cent,  above  0.04 
inch.    At  the  lower  end  is  a  narrow  strip  of  sUt. 

The  only  information  in  regard  to  the  movement  of  this  bar  downstream  was  ob- 
tained from  a  pilot,  and  a  negro  who  had  lived  near  it  four  years.  The  former  said  it 
was  moving  down  stream  rapidly,  but  could  not  tell  how  fast.  The  latter  said  it  had 
moved  down  nearly  half  a  mile  in  fonr  years. 

The  point  bar  on  the  left  bank  opposite  is  of  the  same  character  as  Shoo  Fly  Bar, 
except  that  the  gravel  foimd  at  its  head  is  smaller. 

Saint  Francis  tow-head  is  chiefly  silt,  and  is  covere<l  with  a  dense  ^owth  of  cotton- 
wood.  A  bar  extends  down  from  the  lower  end,  and  the  upper  end  is  wearing  away 
lapidly. 

The  Prairie  Point  Bar  is  sand  with  a  little  fine  gravel,  the  latter  being  less  than  0.2 
inch  in  diameter.  Twenty  per  cent,  of  the  sand  is  less  than  0.005  inch  in  diam- 
eter, 50  per  cent,  between  0.005  inch  and  0.01  inch,  20  per  cent,  between  ^01  inch 
and  0.02  inch,  and  10  per  cent,  more  than  0.02  inch. 

Helena  tow-head  is  chiefly  sand  of  the  same  character  as  the  bar,  except  near  the 
lower  end,  where  silt  predominates.  It  is  covered  with  a  heavy  growth  of  willows 
and  Cottonwood. 

The  bar  on  left  bank  extending  from  near  Glendale  to  Grant's  Pass  is  mostly  sand, 
except  at  the  lower  end,  which  expands  into  a  mud  flat  covered  with  small  willows. 
A  narrow  strip  of  gravel  extends  along  the  upper  portion  of  the  bar.  It  varies  in 
size  irom  0.1  inch  to  4  inches  in  diameter.  The  sand  along  the  higher  portions  of  the 
bar  has  75  per  cent,  less  than  0.005  inch  in  diameter,  15  per  cent,  between  0.005, 
inch  and  0.01  inch,  and  10  per  cent,  above  0.01  inch. 

Montezuma  Bar  is  chieny  sand,  except  at  the  head,  where  considerable  gravel  is 
found.  There  is  also  a  narrow  strip  of  gravel  on  the  right  bank,  near  the  foot  of  the 
bar. 

It  varies  frt)m  f  inch  down  to  coarse  sand.  A  specimen  of  sand  taken  at  low-water 
gives  10  per  cent,  less  than  0.01  inch,  30  per  cent,  between  0.01  inch  and  0.02  inch, 
and  60  per  cent,  between  0.02  inch  and  0.05  inch  in  diamet-er.  It  was  generally  ob- 
served that  the  finer  sand  was  found  on  the  high  parts  of  the  bar,  growing  gradually 
coarser  towan}  the  lower  portions.  This  indicates  that  specimens  obtained  where 
only  a  small  part  of  the  bar  was  exposed  would  not  fairly  represent  the  character  of 
them. 

The  iurvey  between  O.  K.  Landing  and  Delta  was  completed,  with  the  exception  of 
ODe  day's  soundings,  on  January  3,  when  the  ice  began  to  run  and  prevented  further 
work  till  January  18.    The  amount  of  work  done  is  given  in  detail  in  Table  No.  2. 

TOPOGRAPHY. 

On  the  arrival  of  the  Little  Eagle,  the  quarter-boat  was  towed  up  to  Excelsior  Land- 
ing, Ark.,  which  point  was  reached  on  January  24,  and  topographical  work  was  begun 
on  the  following  day. 

The  river  was  so  high  by  this  time  that  the  banks  were  overflowed  in  many  places, 
Uid  the  swamps  and  the  low  ground  back  filled  up  to  such  an  extent  as  to  seriously 
retard  the  work.  In  some  cases  it  became  necessary,  in  cutting  out  section  lines,  for 
^e  axemen  to  work  in  water  waist  deep,  though  it  was  often  so  cold  that  ice  would 
form  during  the  night. 

In  the  vicinity  of  Excelsior  Landing  the  land  is  covered  with  a  heavy  growth  of 
<^ne,  vines,  and  woo<ls,  which  made  it  necessary  to  do  a  great  deal  of  chopping,  and 
four  extra  axemen  were  employed  for  six  days. 

A  stone  line  was  established  one  and  a  quarter  miles  below  Bennett's  Landing, 
^onr  stones,  two  on  each  side,  are  placed  on  a  line  which  is  nearly  at  right  angles  to 
the  direction  of  the  river,  and  passes  through  secondary  station  cottonwood. 

The  stones  nearest  the  bank  are  about  a  half  a  miie  back,  and  the  others  one  and  a 
half  miles  back,  from  the  river.  They  are  carefully  connected  with  the  secondary  tri- 
aojnilation,  and  their  elevations  are  detennined  by  duplicate  levels. 

On  this  section  many  of  the  secondary  stations  had  been  washed  out,  and  it  became 
necessary  to  supply  their  places  by  tertiary  points. 

The  high  water  left  so  little  of  the  banks  exposed  that  no  determination  of  their 
character  was  made,  except  to  note  whether  they  were  caving  or  otherwise.  Nearly 
opposite  Commerce  the  caving  on  the  right  bank  amounted  to  300  feet  or  more  in  a 


1934 


REPORT  OF  THE  CHIEF  OF  ENGINEERS. 


month.  When  topographical  work  was  begnn  at  Excelsior  Landing  the  elevation  of 
37  feet  mark  on  gauge  on  Bennett's  Laniling,  as  given  in  rejiort  of  F.  W.  Lehuartz, 
1878,  was  used. 

Afterward  the  levels  were  connected  with  refertMice  points  68  and  70,  precise  levels, 
which  showed  that  the  elevation  of  37  feet  mark  as  given  was  0.6^1"^  feet  too  high.  As 
the  benchmark  established  at  Bennett's  Landing  at  the  time  the  gauge  was  set  could 
not  be  found,  it  was  not  determined  whether  the  post  on  which  the  37-foot  mark  was 
placed  had  settled,  or  whether  an  error  was  made  in  the  precise  levels  between  tiie 
mainline  of  precise  levels  and  the  wat«r-gauge. 

Considerable  difficulty  was  experienced  in  hnding  the  reference  points  left  by  the 
precise  levels.  These  usually  consist  of  spikes  driven  into  trees.  The  wood  grows 
so  rapidly  that,  although  less  than  a  year  had  elapsed  since  the  spikes  were  dnven, 
some  of  them  were  found  to  be  covered  to  a  depth  of  two  inches. 

In  order  to  show  the  slope  of  the  land  from  the  river  bank  back,  eight  sections  on 
the  Arkansas  side  and  six  on  the  Mississippi  side  have  been  plott^  ana  are  appended 
herewith.  These  sections  are  a  mile  or  more  apart,  and  are  taken  nearly  at  right  an- 
gles to  the  river.  Narrow  depressions,  like  bayous,  &c.,  were  not  plottetl.  Tne  line 
of  average  slope  was  put  in  by  inspection  after  plotting  its  center  of  gravity  from  the 
mean  ordinate)  and  abscissa. 

In  addition  to  the  regular  topographical  work,  daily  observations  for  sediment  were 
made.    ^The  sections  at  Trotters  Landing  and  Glendale  were  also  sounded  twice. 

The  results  of  the  sediment  observations  are  given  by  Lieutenant  Lockwood  in  his 
report. 

On  March  7  the  quarter-boat  was  taken  to  Memphis,  where  the  property  was  stored 
and  the  party  discharged. 

The  amount  of  work  done  is  given  in  tiible  No.  3. 

Since  the  close  of  the  field  season  I  have  been  engaged  in  reducing  field  notes  and 
mapping. 

I  am  mdebted  t^  Recorders  B.  H.  Colby,  H.  C.  Gould,  and  W.  M.  Childs  for  valna- 
ble  assistance  in  the  field. 

Very  respectfully,  your  obedient  servant. 

J.   A.   OCKKRSOX, 
A§H8UMt  Engineer. 
Maj.  C.  B.  CoMSTOCK, 

Corps  of  EnffitiecrSf  U.  S.  A. 

Table  I. — River  slope  between  0,  K.  Landing  and  Deltas  Miss. 
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Ist  gauge  is  jost  above  where  cnirait 
strikes  bank  ;  2d  gauge,  a  short  dio- 
tance  below  where  main  chMUW* 
leaves  left  bank. 

4th  gauge,  behind  a  sand  pointy  oat  of 
the  current,  and  opposite  Saint 
Francis  tow-head  and  i»end. 

6th  gauge,  a  little  above  where  car- 
rent  strikes  bend  at  Helena  lalaxid. 

8th  gauge,  a  short   distance  b«low- 
where  current  leaves  left  buik. 

lOth  gauge,  out  of  current  at  bead  ei 
bar. 

11th  gauge,  a  short  distance  above 
where  current  strikes  HontenMn* 
Bend. 

12th  gauge,  a  short  distance  l^lo* 
where  current  leaves  left  bank. 
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Table  2. — Showing  work  d<me  hekmen  0.  K.  Landing  and  DeltUy  Jtlisgissippi. 

ffnmber  of  base-lines  measurefl 3 

fomber  of  observations  for  azimuth 5 

Inmber  of  t<>rtiary  stations  built  and  occupied 65 

timber  of  water-gauges  established 17 

fomber  of  level  readings 1,492 

inmber  of  theodolite  pointings 9,536 

bomber  of  theodolite  readings 15,571 

bomber  of  miles  of  shore  line 105.5 

Cumber  of  square  miles  of  topography 9.3 

Comber  of  miles  of  levels  iu  duplicate ....  28 

Cumber  of  casts  of  lead 3,711 

Camber  of  miles  of  river  surveyed  (measured  along  channel)    25. 3 

Table  3. — Showing  amount  of  work  done  from  Bennetfs  Landing  dotcn. 

Number  of  level  reading 2,343 

Kuml>er  of  vernier  rejwlings.- 10,226 

Komber  of  themlolite  pointings ■ 5,750 

Number  of  miles  of  shore  line 26.6 

Nnmber  of  square  miles  of  topography 22. 5 

Number  of  miles  leveled 54 

dumber  of  miles  chained H 

lumber  of  miles  of  river  surveyed  (measured  along  channel) 9. 6 

Comber  of  tertiary  stations  occupied 5 

Summary  of  work  done  during  season  of  1878-79. 

fumber  of  base-lines  measured 3 

fmnber  of  obs«;rvations  for  azimuth 5 

Comber  of  tertiary  stations  built  and  occupied 70 

Comber  of  water-gauges  established 17 

Comber  of  level  readings 3,835 

Comber  of  vernier  readings 25,797 

Comber  of  theodolite  x)ointings 15,286 

Somber  of  miles  of  shore  line 132. 1 

ICumber  of  square  miles  of  topography 31.8 

(Cumber  of  miles  of  levels 110 

Number  of  miles  chained 8 

Number  of  casts  of  lead 3,711 

ICumber  of  miles  of  river  surveyed 34.9 


5. — report  of  mr.  john  eisenmanx,  assistant  engineer. 

United  States  Lake  Survey  Office, 

Detroity  May  31,  1879. 

8ifi:  I  have  the  honor  to  make  the  following  report  of  the  work  accomplished  under 
>iy  charge  on  the  survey  of  (he  Mississippi  River  during  the  present  fiscal  year: 

1.  I  was  placed  in  charge  of  the  survey  boat  Arkansas  on  November  21, 1878,  at  Mem- 
P^  Teim.,  with  a  force  of  3  assistants  and  20  men. 

After  the  making  up  of  the  outfit  was  completed,  Lieut.  D.  W.  Lockwood,  Corps  of 
Engineers,  took  the  party  down  the  river,  on  the  24th,  and  left  it  at  the  head  of  Com- 
^nieCut-ofl:',  with  instructions  to  begin  the  hydrography  and  continue  it  down  toward 
Anstin.    The  limit  was  aft-erward  fixed  at  Walnut  Bend  P.  O.,  Lee  County,  Arkansas. 

This  work  was  divided  into  three  sections. 

Thefrsty  reaching  from  Commerce  Landing,  Miss.,  to  within  2^  miles  of  Mlioon's 
Unding,  Miss.,  being  a  distance  of  5  miles.  It  was  finished  by  December  5,  and  is  the 
only  portion  done  at  very  low  water. 

Ths  second  extended  from  the  lower  limit  of  the  first  to  within  1  mile  of  the  head  of 
Sordeaux  Chute,  being  a  distance  of  5  miles,  which  was  completed  on  December  16. 

The  third  extended  from  the  lower  limit  of  section  2„  through  Bordeaux  Chute 
0  Walnut  Bend  P.  O.,  Ark.,  a  distance  of  5  miles,  which  was  completed  by  Decern- 
«r23. 

In  doing  the  above  hydrographical  work  the  new  channel  of  the  river  was  followed^ 
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and,  aside  from  the  ordiDary  soundings,  it  comprised  river  slope  determinations,  the 
development  of  all  sand  bars  by  stadia,  a  line  of  ordinary  levels,  a  system  of  tertiaiy 
triangles,  and  four  nights  of  azimuth  observations. 

There  were  fifty  lines  sounded,  the  soundings  of  which  were  located  by  three  theod- 
olite intersections. 

The  results  obtained  for  river  slope  have  already  been  i-eported  upon  by  Lieutenant 
Lockwood. 

The  line  of  ordinary  levels  was  run  down  on  the  Mississippi  side  of  the  river,  for 
connecting  the  zeros  of  water-gauges  and  their  bench-marks  with  the  precise  level 
bench-marks  at  Commerce  and  Mhoon's. 

The  system  of  tertiarv  triangles,  adopted  in  advance  of  the  secondary  triangulatioa 
for  the  connection  of  the  vanous  points  of  reference,  is  dependent  upon  a  chained 
base  at  Commerce  Cut-off,  and  a  check  base,  chained  at  the  foot  of  Bordeaux  Chnte. 
The  system  was  afterward  connected  with  by  the  secondary  triangulation  parties. 

Two  nights  of  azimuth  observations  were  taken  at  Commerce  Lauding  on  6  IJrsse  Mi- 
noris  at  western  elongation,  and  two  observations  were  taken  at  the  head  of  Bordeaux 
Chute  on  a  Ursa)  Minoris  at  western  elongation. 

2,   TOPOGRAPHY. 

On  December  24, 1878,  the  Arkansas  was  taken  up  the  river  and  left  at  Harckelrode'a 
Landing,  Crittenden  County,  Arkansas,  with  instructions  from  Lieutenant  Lockwood 
to  begin  the  topographical  survey  at  this  point. 

The  upper  limit  of  the  topography  is  stone  line  No.  10,  whose  general  azimnth  ia 
296°  20',  which  starts  at  bench-mark  V»  *^50  meters  from  the  northeast  shore  of  Horse 
Shoe  Lake,  and  3.3^)  miles  from  the  west  bank  of  the  river,  and  ends  at  bench-mark 
■^j  li  miles  from  its  eastern  bank.  The  line  crosses  the  river  at  about  ^  a  mile  above 
Star  Landing,  De  Soto  County,  Mississippi. 

From  January  1, 1879,  to  January  24,  tne  work  was  almost  exclusively  coniined  to  the 
west  side  of  the  river,  on  account  of  the  floating  ice  and  the  unusual  severity  of  the 
weather. 

The  area  complet^ed  by  January  24  extended  from  stone  line  No.  10  to  Porter  Lake 
Bayou,  and  4^  miles  back  from  the  river.  It  embraces  Horse  Shoe  and  Goose  Lakes, 
the  surveys  of  which  were  made  on  the  ice. 

On  January  25  the  Arkansas  was  taken  across  t-o  the  Mississippi  side  and  tied  up,  \ 
miles  below  Star  Landing.  The  area  surveyed  from  this  point  was  1^  miles  wide,  and 
extended  from  stone-line  No.  10  to  secondary  stati cm  Buck  Island  Chute.  It  was  com- 
pleted by  February  6,  and  on  February  7  the  Arkansas  was  dropped  down  as  far  aa 
Hackler's  plantation,  nearly  opposite  Bennett's  Landing,  Mississippi.  From  this  point 
the  work  was  extended,  with  a  width  of  1|  miles,  down  on  both  sides  of  the  river,  to 
the  secondary  line,  Bennett-Hackler,  the  upper  limit  of  Assistant  Engineer  J.  A.  Octer- 
son's  work.  It  included  Porter  Lake  and  the  remainder  of  Porter  Lake  Bayou,  on  the 
west  side,  and  Old  Buck  Island  on  the  east  side. 

Lines  of  ordinary  levels,  starting  from  the  precise  bench-mark  at  Star  Landing,  were 
run  down  both  banks  of  the  river,  and  checked  on  the  precise  reference  points  at  Ben- 
nett's Landing.  River  crossings  were  made  at  Star  Landing,  Buck  Island  Chute,  and 
Bennett's  Landing. 

A  rapid  triangulation  was  made  of  Horse  Shoe  and  Porter  Lakes.  The  ends  of  the 
stone-line  and  of  field  sheets  on  the  river  front  were  connected  by  triangles  to  the 
secondary  triangulation. 

Observations  for  magnetic  variation  were  taken  at  the  secondary  stations  Horseshoe 
Lake,  Buck  Island,  Bennett's,  Hackler,  and  Porter  Lake,  and  at  several  intermediata 
points. 

3.  The  above  work  having  been  completed  on  February  17,  Lieutenant  Lockwood 
on  the  18th  moved  me  into  the  old  river,  at  Council  Bend. 

A  system  of  tertiary  triangulation,  based  upon  the  secondary  line,  Comraerfte-Peter'a, 
was  at  once  projected.  It  passes  around  Council  Bend  a  distance  of  15  miles,  in  27 
triangles,  and  returns  to  the  same  base.    There  were  15  lines  sounded. 

AH  the  shore-line  and  topography  of  Linwood  Point,  and  on  the  main  land  fiDB 
Peter's  Landinj^,  about  one  mile  in  width  to  Bledsoe's,  was  taken. 

A  line  of  ordinary  levels  was  carried  from  Blue's  Point  across  to  Linwood  Poin^ 
and  from  there  to  Old  Basket  Landing,  and  thence  down  to  Peter's  Landing,  and 
also  up  to  Bledsoe's,  where  the  connection  with  Assistant  Engineer  Ockerson's  work 
was  made. 

The  work  in  Council  Bend  was  finished  on  March  9,  and  on  the  10th  Lieutenant 
Lockwood  took  the  Arkansas  up  to  Memphis.  The  property  was  stored  and  the  party 
disbanded  by  the  11th. 

I  left  Memphis,  on  the  evening  of  the  11th,  for  Cairo,  HI.,  with  instructions  to  makt 
the  connection  between  the  United  States  Mississippi  River  triangulation  and  the 
United  States  Coast  Survey's  astronomical  post  at  that  place. 
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The  oonnection  was  made  by  the  13th,  and  on  March  15  I  reported  for  office  daty 
in  Detroit. 
I  am  ranch  indebted  to  Meesrs.  William  Voigt  and  J.  B.  Johnson  for  their  hearty  co- 

rfttion  and  valoable  assistance  rendered  throughout  the  entire  field  season,  and 
to  Mr.  George  A.  Toole,  who  faithfully  performed  a  recorder's  duty  after  January 
'90,  on  which  day  Assistant  Engineer  F.  A.  Fisher  was  relieved. 
4.  I  herewith  append  results  obtained  during  the  field  season. 

a.  Triangulaiian, 

Commerce  base  of  420.86  meters,  worked  through  46  triangles,  gave  the  length 

of  Bcvdeanxbase \ 562.15 

Bordeaax  base,  chained  length 562. 17 

I  At  Commerce : 

Azimath.  Distance. 

P  Tertiary  line  A 4-A  6 =*3580  44'  ll'M  1080.99 

f   Same  from  secondary =   358°  44'  04M  1081.09 

I  Aftir  passing  around  Council  Bend =    358°  43'  56".7  1080. 91 

I  At  Bordeaux  Chute : 

Tertiar\' line  /!^  37-A  38 =*146'^  18'  48".3  1458.50 

r  Same  f5rom  secondary =   146^  19' 21^.5  1458.60 

.  From  Bordeaux  obserrations =    146°  17'  51".8  1458.55 

t.  Ordinary  levels, 

Dlataiice.  Discrepancy. 

Commerce  P.  B.  M.  to  Mhoon*s  P.  B.  M 8  miles  0.    10  feet. 

Star  Landing  P.  B.  M.  to  Bennett/s  P.  R.  P.  65 7      '*  0.004     " 

SUr  Landing  P.  B.  M.  to  Beunett^s  water-gauge 6     "  0.   06    " 

Blue's  Point,  including  two  river  cros-sings,  to  Bledsoe's  ..10     "  0.224     ** 

c.  Topography. 

Aside  from  the  methods  given  in  your  instructions  to  chief  of  parties,  the  following 
was  adopted : 

In  a  woode<l  country  care  was  taken  in  ranging  the  cutting  of  the  necessary  sec- 
tioD  aod  cross  lines.  The  general  azimuth  of  a  line  at  its  ends  was  taken  by  a  theodo- 
lite, and  the  contours  and  distance  were  found  b^  the  level.  A  self-reading  rod  and 
a]»air  of  stadia  wires  gave  the  level  and  the  wire  interval  for  the  distance  in  the  same 
ooaerration. 

A  table  of  wire  intervals  and  their  corresponding  distances  was  made  from  10  sets  of 
whole  and  20  sets  of  hall'  interval  observations. 

After  each  day's  adjustment  the  intervals  were  checked,  and  itfl  correction,  if  any, 
•ppHed  to  the  table. 

As  in  leveling  the  rod  is  rarely  over  200  meters  from  the  instrument,  the  wire  interval 
CDold  be  determined  to  tenths  of  meters. 

A  reduction  of  part  of  the  work  shows  that  it  was  done  with  results  far  within  the 
ordinary  stadia  limits. 

Previously,  the  level  was  sent  over  a  line  for  contours  only,  its  distance  being  found 
afterward  by  chain  or  stadia*     By  the  above  method  one-half  the  labor  was  saved. 

0.  The  following  table  gives  the  work  in  detail : 

Tertiary  triangnlation,  stations  built 118 

Triangulation  stations,  secondary  and  tertiary,  located 151 

bonding  stations  built  and  located 36 

Azimuths  observed , 4 

I  Hases  chained  5 

I  Theodolite  pointings 12,975 

'  Theodolite  readings 19,374 

Vertical  ansles 5,075 

X^ines  sounded 83 

Caste  of  lead 2,179 

Distance  leveled  in  kilometers • 153 

^irer  crossings - 8 

Bench-marks  set ,....  28 

Bench-marks  set  on  stone-line  No.  10 5 

Water-gauges  set ^....... .•-•.• --.- 24 

Watfer-ganSe  re^din^.. .....I...... .............. ,,. 681 

*  Allowance  for  convergence  was  made. 
122  B 
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Hydrograpy,  in  miles  along  river  channel,  old  and  new 30 

HydrojSfraphy  in  miles,  inland  lakes $t^ 

Shore-line  in  miles,  river •.,..  .....         2^, 

Shore-line,  in  miles,  inland  lakes 

Topography,  in  miles,  of  river  length 

Topography,  in  square  miles 

Sand  bars  surveyed,  number  of I] 

6.  Since  returning  to  the  office,  the  final  reduction  and  computation  of  the  seasonVi 

work  was  made,  and  with  the  assistance  of  Assistant  Engineer  William  Yoigt  thefioal^ 

office  charts  are  being  drawn.  ^ 

Very  respectfully,  your  obedient  servant,  1 

JOHK  ElSXKMANM, 

Asaistant  En§ki€er.  ^i 

M%j.  C.  B.  COMSTOCK,  1 

Corps  0  Engineers  J  Brevet  Brigadier-General^  U,  S,  A,  j 

'  i 

1 

6. — REPORT  OF  MR.  J.   H.   DARLING,  ASSISTANT  ENGINEER.  ^ 

Detroit,  April  30, 1879.    J 

Sir:  I  herewith  respectfully  submit  a  report  of  work  done  by  the  party  under  my  \ 
charge  during  the  winter  of  lb78~79  on  the  Mississippi  River  survey.  ' 

I  commenced  operations  November  24,  1878,  near  Scanlon's  Landing,  about  17  milfS  , 
below  Memphis,  having  with  me  Assistant  Engineer  C.  M.  Winchell,  Recorders  J.  A. 
Paige  and  J.  C.  Eaton,  and  21  men.  J 

The  party  was  quartered  on  the  United  States  survey-boat  Mississippi,  which  wi^ 
kept  tied  up  to  the  bank  in  the  vicinity  of  our  work,  and  dropped  down  stream  witili 
the  current  as  the  work  progressed. 

We  first  sounded  the  channel  from  Scanlon's  Landing  to  Commerce  Landing,  a  dis- 
tance of  22  miles.  A  six-oared  cutter  was  used  for  this  purpose,  and  a  10-pound  lead, 
having  tallow  in  a  receptacle  at  the  lower  end,  for  determining  the  character  of  th« 
bottom  of  the  river.  The  soundings  were  made  in  lines  across  the  river  as  nearly  per- 
pendicular to  the  channel  as  possible,  these  lines  being  about  500™  apart,  and  tiv 
soundinss  on  these  lines  from  20"*  to  50"*  apart.  Where  the  depth  was  Ic^sa  than  18 
feet  the  lead  was  cast  at  every  even  quarter-minute,  and  in  greater  depths  ateveiy 
even  half-minute. 

In  order  to  locate  these  soundings,  as  well  as  to  furnish  fixed  pointe  for  subseqiMol^ 
topographical  work,  a  system  of  tertiary  triangulation  was  earned  on  8imultaBeoQi)]fi 
with  the  sounding,  and  a  few  nules  in  advance  of  it.    The  triangulation  stations  ooih 
sisted  of  round  posts,  about  1  foot  in  diameter,  set  firmly  in  me  ground  and  wkite*' 
washed.    They  were  marked  with  red  chalk  thus,  ^  13  D.    Angles  were  read  wiA 
WUrdeman  and  Stackpole  theodolites,  closing  the  triangles  with  errors  of  less  thanoM/ 
minute.    A  secondary  line  near  Scanlon's  Landing  was  used  for  a  base  in  startiDg,  and 
about  9  miles  fartber  on  counectibn  was  made  with  another  secondary  line,  showingadii* 
crepancy  of  1:9000.    Starting  again  with  this  new  secondary  line,  and  proceeding  aboot 
8  miles  farther,  a  base  was  chained,  whose  measured  and  computed  values  diffend  bf 
1:4000.    Starting  again  with  the  measured  length  of  this  base,  the  triangulation  wM 
continued  about  6  miles,  until  it  Joined  with  a  triangle  side  of  Assistant  Eisenmann^. 
near  Commerce  Landing,  with  a  discrepancy  of  1:90%.    For  the  last  10  miles  or  tothii 
tertiary  triangulation  was  in  advance  of  the  secondary  triangulation. 

Soundings  were  located  by  three  obser>er8  with  theodolites,  who  took  such  tertiiili 
stations  for  their  positions  as  would  give  good  intersections.  A  field  plot  was  dm«'| 
of  the  soundings,  scale  1:10000.  In  plotting,  the  two  pointings  were  used  which  gnH! 
the  best  intersections,  while  th6  third  pointing  {umished  a  check  on  the  other  twfj 
and  also  served  to  supiply  omissions  of  either  of  the  other  two  observers,  Sand-baii 
which  were  exposed  above  the  water  while  the  sounding  was  in  progress  were  deTd*, 
oped  by  the  stadia. 

Observations  for  river  slope  were  also  made  during  this  time,  the  gaiigea  being  cod* 
nected  with  temporary  bench-marks,  whose  elevations  were  determined  afterwaid| 
and  daily  gauge  readings  were  made  for  reducing  soundings  and  shore-line. 

The  foregoing  work  was  completed  December  17, 1878,  and,  after  a  delay  of  one 
week  in  getting  moved  up  the  nver,  topographical  work  was  commenced  December 
26,  near  ^anion's  Landing,  where  the  previous  season's  work  ended.     Had  no  difficulty 
in  connecting  with  the  old  work  from  marks  still  remaining. 
'  On  January  3,  about  a  week  after  beginning  topography,  ice  commenced  nmnisc^ 
and  caused  serious  trouble.    Not  apprehending  any  danger  fh>m  tliis  cause,  we  bMj 
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tied  OQT  qnarter-boat  to  the  bank  at  a  point  most  convenient  for  onr  work,  and  at  this 
time  the  position  was  considerably  exposed  to  the  moviuj?  ice.  We  protected  the  boat 
as  mnch  as  posirible  by  Itninff  the  outer  side  at  water's  edge  with  boards  and  placing 
booms  of  k>gB  in  front  and  alongside.  Not  having  means  of  fastening  these  booms  se- 
eorely,  they  were  repeatedly  carried  away  and  replaced  again.  During  the  first  12 
days  during  which  the  ice  was  mnning  the  boat  escaped  serions  injury,  out  after  this 
time  tho  cakes  of  floating  ice  were  of  much  larger  size,  some  of  tbem  several  hundrod 
feet  acroas  and  5  inches  thick ;  and  on  the  morning  of  January  15  the  side  of  the 
boat  was  crushed  in  and  she  filled  and  sank  in  a  few  minutes.  Being  close  up  against 
tbe  bank,  however,  one  side  remained  above  wat4jr  and  we  were  able  to  save  nearly 
all  the  property. 

There  waa  mnch  less  ice  running  on  the  following  day,  when  the  steamer  Little  Eagle 
came  to  out  relief  and  attempted  to  raise  the  boat.  After  two  days'  effort  without 
Ricc«fls  the  attempt  was  abandoned  and  my  party  was  obliged  to  rt^sort  to  tents.  We 
itarted  camp  near  Norfolk  Landing,  Mississippi,  January  *^y  and  continued  the  survey. 
This  was  extended  back  from  the  river  to  a  nistance  varying  from  2,400™  (where  the 
river  bank  was  rapidly  wearing  away)  to  1,400™  where  the  bank  was  more  permanent. 
This  survey  carefully  included  all  the  nsual  topoCTaphical  features  determining  con- 
tour lines,  5  feet  apart,  vertically.  Cross-section  lines  were  cut  through  the  wooded 
wMmtry,  about  500"  apart,  extending  back  from  the  river  to  the  limit  of  tojwgraphy^ 
in  order  to  develop  the  contour. 

Ordinary  levels  were  run  along  each  bank,  starting  from  bench-marks  near  ScanlonV 
Landing,  established  by  the  previous  year's  survey,  and  closing  on  the  Precise  Bench- 
Bark  at  Star  Landing,  leaving  ^*  turning-points''  about  600  feet  apart,  whose  eleva- 
tions were  recorded,  and  which  served  as  initial  points  for  the  levels  run  by  the  stadias 
fer  determining  contours. 

Tbe  line  of  ordinary  levels,  starting  firom  secondary  station  Scan  Ion,  and  running 
alrag  tbe  right  bank,  crossed  the  river  near  Star  Landing,  and  closed  on  the  precise 
hoKb-inark,  St4U-  Landing,  with  a  discrepancy  of  0.03:)  feet,  the  distance  run  Ijeing  11 
■ilea.  On  the  left  bank  were  found  remaining  occasional  tuming-poiuts  of  a  line  of 
kvela  run  the  pre\ious  season  by  Assistant  Ockerson.  These  were  made  use  of,  their 
eferations  being  known. 

In  leveling  across  the  river  at  Norfolk  Landing  and  Star  Landing,  the  method  of 
faaaaltaneoos  observations  with  two  instrumento  on  opposite  banks  was  employed 
vilh  aatiafactory  results. 

Determination  of  surface-slope  of  river  by  means  of  simultaneous  hourly  readings 
far  5  consecutive  hours,  on  gauges  stationed  from 5  to  G  miles  apart,  were  made  for  the 
vki4e  diatance  of  22  miles  covered  by  my  soundings. 

I  established  stone  line  No.  9  in  the  vicinity  of  Norfolk  Landing,  consisting  of  four 
ilooe  p€Mit«,  two  on  each  side  of  the  river,  at  distances  of  about  i^  mile  and  1|  miles 
ten  bank,  respectively,  and  placed  so  that  the  four  stones  form  near  a  right  line. 
Tht  elevations  of  the  tops  of  these  stones  were  obtained  by  duplicate  levels,  and  their 
yjliuiin  carefully  detennined  by  connection  with  the  secondary  triangulation. 

All  elevations  of  bench-marks,  contours,  water-surface,  and  zeros  of  gaugea  are  ex- 
pRaned  in  feet,  and  referred  to  the  adopted  datum  plane  for  the  vicinity  ot  Memphis. 

Observations  for  magnetic-needle  variation  were  made  in  the  vicinity  of  Norfolk 
Landing,  Miss.,  in  February,  1879,  using  foiu:  ditferent  needles  for  this  purpose,  whose 
lenlts  were  given  weight  according  to  the  qualities  of  the  needles. 

Connection  was  made  with  the  land-survey  section  coruer  lying  between  sections 
T.  li,  17,  and  18,  of  township  4  north,  of  range  8  east,  Crittenden  County,  Arkansas; 
alao  with  several  United  States  Coast-Survey  triaugulation  stations. 

The  country  being  for  the  most  part  heavily  wooded,  I  found  it  expedient  about  the 
■iddle  of  January  to  increase  the  number  of  axmen  for  cutting  cross-section  lines, 
lad  employed  seven  new  men.  My  force  was  still  further  increased  February  8  by 
Aawtant  Engineer  L.  L.  Wheeler  and  his  party,'  who  were  then  assigned  to  duty 
nder  me.  Shortly  afterwards,  however, I  discharged  a  large  number  of  axmcn  on 
ifaehing  more  open  country,  and  by  tbe  28fh  of  February  had  brought  my  work  to 
eomeet  with  that  of  Assistant  Engineer  Eisenmann,  near  Star  Lauding. 

I  broke  camp  February  28,  1879,  and,  after  storing  property  in  Memphis,  returned  to 
Detroit. 

Mf  thanks  are  due  to  the  assistants  and  recorders  connected  with  my  party ;  Assistr^ 
aft  Winchell's  services  were  especially  valuable  on  account  of  his  long  experience  and 
the  rapidity  iknd  accuracy  of  his  work. 
Very  reapectfhlly, 

J.  H.  Dabuno, 
A$8i$tunt  JCnginter. 

QcMrml  C.  B.  COMffrooK. 
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7. — SKPOBT  or  MR.  A.  K.  FLIHT,  ASSUrTAHT  KK6IXKKK. 

Office  of  Uxitkd  States  Lake  Suetet, 

Detroit,  Mkk.,  M^  31, 1879. 

Gkxeral:  I  have  the  honor  to  anbinit  the  following  report  on  work  accoznplialMl 
by  the  computing  division  since  May  31,  1878 : 

The  conipnting-room  was  under  the  charge  of  Assistant  Engineer  O.  B.  Whe^ 
until  July  1,  and  the  work  done  during  the  month  of  June  was  directed  by  bin. 
Since  July  1  the  computing-room  has  been  under  my  charge. 

ADJ08TMRNT  OF  TRIANGULATION. 

The  section  of  the  Lake  Erie  primary  triangulation  from  line  Chester-Willougbb] 
to  line  Cedar  Point^tony  Point,  closed  the  previous  year  with  the  formation  of  tb 
normal  e<iuations,  50  in  number.  These  equations  have  been  solred  and  the  tinal  ccf 
rected  angles  tabulated. 

A  fK*.ctiou  of  the  Lake  Michigan  primary' triangulation  extending  from  line  Fremont 
Dcerfield  to  line  Bald  Tom-Michigan  City,  including  the  summit  baiie  connectioi 
with  the  primary  triangulation,  has  been  commenced,  the  normal  equations,  tbirty-oDi 
in  number,  have  been  mvu\eA,  and  at  the  present  time  the  solution  of  these  equation 
is  about  one-fourth  completed. 

SECONDARY  TKIAKOnLATION. 

The  secondary  triangulation  of  the  Mississippi  River,  from  Soanlan's  Landing,  Ai 
kansa^,  Xa  Helena  Island,  has  been  reduced,  and  the  latitudes  and  longitudes  of  thit 
stations  and  azhnuthfl  of  lines  eomputed  geodetically  from  the  Memphis  astronomies 
post.  Tables,  in  triplicate,  giving  lengths  of  lines,  azimuths,  and  occasional  latitude 
and  longitudes,  were  prepared  for  the  field  parties  as  fast  as  the  notes  were  receivM 
from  the  triangulation  parties. 

CHARTS. 

For  the  final  chart  of  Lake  Erie,  the  stations  west  of  Vermilion,  including  all  of  tli« 
islands  and  the  Canadian  shore  from  Points  Pel^e  to  the  Detroit  River,  have  been  re 
ferred  to  meridians  and  parallels  30'  apart.  Tables  of  water-levels,  light-hooMB 
magnetic  variation,  sailing  directions,  &c.,  have  been  prepared. 

1  or  the  seven  coast  charts  of  Lake  Erie,  the  stations  have  been  referred  to  merii 
ians  and  parallels  5'  apart,  except  for  a  part  of  No.  1,  which  were  reduced  during  th- 
previous  year. 

Titles  and  not«s  have  been  prepared  for  these  charts  and  for  coast  charts  Nos.  4  ww 
5  of  Lake  Ontario. 

The  secondary  stations  on  the  Mississippi  River  have  been  referred  to  meridian 
and  parallels  1'  apart. 

For  the  index  chart  of  the  Norihem  and  Northwestern  lakes  and  connecting  rivei* 
the  points  selected,  usually  light-houses,  were  referred  to  meridians  and  parallels  1 
Apart,  and  a  list  of  all  astronomical  and  magnetic  stations  prepared  for  it. 

ASTRONOMICAL. 

The  latitude  and  longitude  observations  made  at  Detroit,  Mich. ;  Rock  Island,  IlL 
Red  Wing,  Minn.,  and  Louisiana,  Mo.,  by  Lieut.  C.  F.  Powell,  have  been  reduced,  anj 
the  results  tabulated  for  publication,  iucludiug  tables  of  time-work  for  the  Detroi 
observatory,  reduced  by  Capt.  H.  M.  Adams. 

The  latitude  of  Saint  Iguace  station,  from  the  observations  made  on  the  severii 
posts  on  the  island,  has  been  redetermined,  using  only  the  results  from  single  pairs  ^ 
stars. 

The  latitude  of  north  base  station,  Minnesota  Point,  has  been  rereduced  in  a  similfl 
maimer. 

The  results  for  longitude  of  the  Lake  Survey  Observato^  at  Detroit  have  been  coffi 
piled  from  the  several  connections  made  with  the  United  Sta.tes  Naval  Observatory  B 
Washington. 

The  observations  made  at  Harbert's  Point,  Miss.,  for  azimuth  of  secondary  base 
have  been  reduced  and  the  ^results  tabulated. 

MISCELLANEOUS  WORK. 

Examined  and  cheeked  two  en|^ved,  three  photolithographed,  and  six  origin^ 
oharto,  scale  j^gkn^ ;  proof-read  printed  copy  of  annual  report  for  1877-78  imd  com 
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y«red  it  with  the  original  copy  on  file  in  the  office.    KumeroiiB  special  computations 
Ba^e  been  made  that  have  arisen  in  the  ordinary  course  of  office  work. 

Observations  for  determining  the  boiling  and  freezing  points  of  standard  thermome- 
ters, and  also  for  calibration,  have  been  reduced. 

The  water-level  records  from  the  ten  observing  stations  on  the  lakes  have  been  re- 
iaced  by  months  and  the  annual  curves  plott-ed.  A  special  report^has  been  made  on 
this  snbject. 

All  compatatlons  not  self-checking  have  been  made  iu  duplicate, 
r   Aanstant  Engineer  Kummell  has  been  in  the  computing  room  during  the  year.     As- 
istant  Engineer  Wright  was  assigned  to  this  division  until  July  22,  when  he  was  suc- 
ceeded by  Assistant  Engineer  Russell,  who  has  remained  during  the  year. 

Assistant  Engineer  L.  L.  Wheeler  has  been  under  my  direction  since  returning  from 
field  duty,  March  1,  1879. 

Mr.  Russell,  in  addition  to  his  other  duties,  has  had  the  care  of  the  chronometer- 
room,  and  has  observed  for  time  once  or  twice  a  month  when  the  regular  observatory 
work  was  not  being  carried  on.  He  has  also  beeu  engaged  several  weeks  in  making 
thermometer  observations  and  comparisons  under  your  immediate  supervision.  This 
vork  has  been  reduced ;  a  small  portion  of  it  only  remains  to  be  duplicated. 
RespecifuUy  submitted. 


General  C.  B.  Comstock. 


A.  R.  Flint, 

Assistant  Engineer* 


APPENDIX  No.  5. 

Measurement  of  Sandusky  Base  Line. 

report  of  mr.  e.  8.  wheeler,  assistant  engineer. 

Office  United  States  Lake  Survey, 

Detroit,  June  9,  1879. 

8iB :  I  have  the  honor  to  submit  the  following  report  of  the  measurement  of  the 
Sandasky  base  line. 

I  received  your  orders  to  measure  the  Sandusky  base  July  20,  1878. 

The  organisation  of  the  party  was  as  follows :  Assistant  engineers,  E.  S.  Wheeler, 
T.  W.  Wright,  and  J.  Eisenmann ;  recorders,  J.  B.  Johnson  and  F.  B.  Martin ;  foreman, 
F.  MeGillicnddy ;  a  cook,  steward,  and  12  laborers. 

Mr.  Martin  left  the  party  August  7,  and  his  place  was  supplied  by  Recorder  B.  H. 
Colby. 

The  party,  instruments,  and  camp  equipage  left  Detroit  on  July  25,  1878,  on  the 
ite«mer  Jay  Cooke,  and  got  into  camp  the  same  day  on  Cedar  Point,  opposite  Saudusky. 

The  line  runs  along  the  outer  shore  of  Cedar  Point.  The  soil  is  clear  sand.  The 
^ore  is  slightly  concave,  so  that  the  line  is  a  broken  one,  being  divided  into  three 
neirly  equal  parts,  whose  azimuths  differ  about  29. 

The  ends  of  the  line  and  the  sections  were  marked  in  the  dame  way  as  those  of  the 
Chicago  base,  descril>ed  on  page  1402  Report  of  Chief  of  Engineers  for  1878. 

The  line  was  divided  into  six  sections.  The  second  and  fourth  section  stones  were 
the  points  where  the  line  changed  its  azimuth  (about  2^  in  each  case). 

The  angles  at  these  two  section  stones  were  measured  by  Lieut.  P.  M.  Price  with  a 
I^ary  triangulation  instrument. 

The  alignment  between  section  stones  was  accomplished  by  placing  a  theodolite  mid- 
day between  them  and  approximately  on  line,  measuring  the  angle  and  computing 
the  distance  to  the  line.  This  part  of  the  work  was  assigned  to  Assistant  Engineer 
Euenmann. 

The  adjustments  of  the  apparatus,  the  making  of  cuts  off,  the  order  of  work,  and  the 
fonn  of  keeping  notes  were  in  all  respects  the  same  as  at  the  Chicago  base,  described 
Jn  report  of  Chief  of  Engineers  for  1878,  pages  1402-1405. 

The  party  was  detailed  as  follows :  J.  Eisenmann  placed  the  microscopes  in  position, 
T.  W.  Wright  observed  at  rear  end,  and  E.  S.  Wheeler  observed  at  the  forward  end  of 
the  tabe.  B.  H.  Colby  recorded  at  the  rear  end  and  J.  B.  Johnson  recorded  at  the 
HTward  end. 

General  Comstock  arrived  in  camp  August  5,  and  directed  the  first  day's  measure- 
n»iit. 

The  first  measurement  was  completed  September  16.  The  measurement  (made  in 
opposite  diiiection)  was  completed  October  12. 

.  Measuring  was  done  on  36  days.    The  average  number  of  tubes  measured  per  day, 
utcloding  the  remeasorements  each  morning,  was  88. 
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The  second  measuremeDt  of  the  baae  was  made  at  the  average  rate  of  100  tabes] 
clay.     The  greatest  u umber  of  tubes  measured  in  a  single  day  was  152. 

A  profile  of  the  base  and  its  mean  height  above  Lake  Erie  was  determined.  1 
party  returned  to  Detroit  October  IG,  haviug  been  absent  84  days. 

Thanks  are  due  to  both  assistants  and  recorders  for  the  skill  and  care  with  wli 
they  did  their  work. 

Yery  respe<ftfully, 

E.  S.  Wheklkr, 
A$9iBtant  EngiMH 
General  C.  B.  Comstock, 

Supenntendefit  Survey  of  Northern  and  Northweatem  Lakee, 


APPENDES:  No.  6. 
Levels  of  Precision  near  Helena,  Ark. 

« 

report  of  MR.   L.   L.   WHEELER,  ASSISTANT  ENGINEER. 

Detroit,  May  29, 18 

Sir  :  I  have  the  houor  to  make  the  following  report  on  the  levels  of  precision  fo 
season  of  1878-79  iu  connection  with  the  survey  of  the  Mississippi  River: 

I  reported  for  duty  on  the  Mississippi  River  survey  at  Memphis,  Tenn.,  Novel 
20,  and  commenced  work  at  Austin,  Miss.,  November  27, 1878. 

My  party  consisted  of  Mr.  E.  S.  Davis,  reconler,  1  cook,  2  rodmen,  and  2  ax 
Quarters  were  furnished  the  party  on  board  the  United  States  survey-boat  Pionc 

Kern  leveling  instrument  ^o.  2  was  used  until  December  23,  when,  the  parts 
posing  the  object-glass  of  the  telescope  having  become  separated,  No.  1  was  si 
tuted  in  its  place. 

Level-tube  No.  10  (1  division  =3''.05)  was  used  with  both  instruments.  Keml 
ing  rods  Nos.  2  and  3  were  used,  the  value  of  the  meters  of  which  had  been  fom 
comparison  with  standard  meter  to  be  999.840™«"  and  999.903™"  respectively.  On 
rods  the  graduations  commence  near  the  bottom  of  the  rod. 

All  lines  were  leveled  in  duplicate  and  in  opposite  directions,  it  having  beensh 
by  actual  leveliugs,  that  levelings  iu  opposit'C  directions  gave  different  resnlts.  > 
using  tw<»  rods,  both  were  used  on  the  same  line,  rod  No.  2  beine  used  for  the  Is 
5th,  &c.,  backsiglit,  and  for  the  2d,  4th,  6th,  &c.,  foresight,  and  rod  No.  3  for  tli 
4th,  tith,  &c.,  backsight,  and  for  the  1st,  3d,  5th,  &.C.,  foresight,  and  always  ' 
rod  No.  2  on  the  closing  bench-mark.  Excepting  the  mann«r  of  using  the  rodi 
method  of  leveling  was  the  same  as  that  described  in  the  Annual  Report  of  the  < 
of  Engineers  for  1877.     (Appendix  L  L. ) 

In  this  work  care  has  been  taken — 

1.  That  the  instruments  and  rods  should  be  set  up  as  firmly  as  the  nature  o 
ground  would  permit. 

2.  That  the  errurs  of  adjustment  should  be  small  and  well  determined. 

3.  That  corresponding  backsights  and  foresights  should  be  nearly  equal  in  lei 

4.  That  the  sum  of  the  leugths  of  the  backsights  and  foresights  preceding  any ; 
on  the  line  should  not  diU'er  by  more  than  ten  meters. 

5.  That  the  sum  of  the  level  corrections  at  any  point  on  the  line  should  be  a 
and, 

6.  That  the  time  between  a  backsight  and  corresponding  foresight  should 
small  as  possible,  and  not  exceed  5  minutes.     Under  favorable  circumstances  this 
would  not  exceed  1  minute. 

■  The  accompanying  table  contains  the  result  of  the  season's  work.  The  first  co 
contains  the  distances  between  bench-marks.  The  second  column  gives  the  b 
marks  and  reference  points.  The  third  and  fourth  columns  contain  the  difieren 
elevation  of  successive  bench-marks,  the  former  for  the  forward  levels,  and  the. 
for  the  backward  levels.  The  fitth  colunm  contains  the  means  of  these  dilferen* 
elevation.  The  sixth  column  contains  the  resnltiug  elevations  referred  to  the  d 
plane,  which  is  225  feet  (6^.5794  meters)  below  high  water  of  1858,  which  read  34.1 
on  the  United  States  engineei^s  gauge  at  Memphis,  Tenn.  The  seventh  contaii 
ditference  in  millimeters  of  the  two  results  between  two  bench-marks.  This  res 
called  positive,  when  the  backward  levels  give  a  greater  elevation  than  the  foi 
levels.    The  eighth  colnnm  contains  the  sums  of  the  partial  discrepancies. 

On  commencing  work  at  the  bench-marks  at  Austin^  it  was  found  that  their  < 
ence  of  elevation  had  changed  4.4  millimeters  since  it  was  determined  by  Ass 
Engineer  Lehuartz.  It  was  assumed  that  their  mean  elevation  had  remained 
changed,  and  the  elevations  given  in  the  table  are  based  on  thia  assumption. 
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From  Austin  to  Trotter's  Landing  the  levels  were  carried  along  the  levee  from 
rrotter's  Landing  to  Qlendale  along  wagon  road,  from  Glendale  to  reference  point 
17  along  an  old  levee,  and  from  reference  point  17  to  Friar's  Point  along  the  levee, 
he  total  distance  being  27.S  miles.  From  Glendale  levels  were  transferred  across  the 
mref  to  Helena,  Ark.,  and  connected  with  the  water-gause  and  two  permanent  bench- 
nark!)  established  by  my  party.  The  elevation  of  the  29.5-foot  mark  of  the  guage  is 
M.3744  meters. 

The  bench-marks  at  Friar's  Point  were  reached  February  5,  1879.  Recorder  E.  S. 
Dariflwas  then  transferred  to  Assistant  Engineer  Wisner's  party,  and  myself  and 
urtv  placed  under  the  direction  of  Assistsnt  Engineer  Darling,  and  by  him  discharged 
Febrnary  23,  1879. 

A  list  of  permanent  bench-marks  established  by  my  party,  with  their  descriptions 
ind  elevations,  is  appended  herewith. 

Very  respectiiuly,  your  obedient  servant, 

L.  L.  Wheeler, 
A88i8tant  Engineer. 
Maj.  C.  B.  CoMSTOCK, 

Corpe  of  Engineen,  U,  8,  A. 

DESCRIPTION  AND  ELEVATION  OF  PERMANENT  BENCH-BfARKS. 

The  elevations  all  refer  to  the  datnm  plane  of  the  United  States  survey  of  the  Mis- 
nnppi  River,  according  to  which  the  reading  of  34.16  feet  on  the  Memphis  gauge 
Mrresponds  to  the  elevation  68.5794  meters. 

U.  S.  B.  M.  **  Trotter^ 8  Landing. " — ^Top  of  copper  bolt  leaded  vertically  in  top  of  stone 
post  1  meter  long  and  13  centimeters  square,  set  in  ground,  with  top  about  5  centimeters 
ibove  the  surface.  It  is  on  east  side  of  levee  at  foot  of  embankment  in  J.  T.  Brames's 
Seld,  abont  6  meters  south  of  where  a  branch  levee  runs  off  toward  the  east  on  north 
tide  of  Mr.  Brames's  field,  and  about  65  meters  north  of  where  main  levee  enters  field, 
rhe  stone  post  is  marked  with  the  letters  U.  8.  P.  B.  M.  on  top.  The  elevation  of  this 
)eDch-mark  is  56.4706  meters. 

U.  8.  B.  M.  **  Glendale. " — ^Top  of  copper  bolt  leaded  vertically  in  top  of  stone  post 

meter  long  and  13  centimeters  square,  set  in  ground,  with  top  about  5  centimeters 

tboTe  snr&ce,  in  northwest  comer  of  T.  C.  Ferguson's  yard  at  Glendale,  Coahoma 

^ty,  Mississippi.    The  stone  is  marked  on  top  with  the  letters  U.  S.  P.  B.  M.    The 

feration  of  this  bench-mark  is  58.3590  meters. 

U.  8.  B.  M.  **  Delta. " — ^Topof  brass  bolt  leaded  vertically  in  top  of  stone  post  1  meter 
mgand  13  centimeters  square,  set  in  ground,  with  top  about  8  centimeters  above  sur- 
ice  inside  of  field,  about  17  meters  south  of  levee,  aud  about  625  meters  south  of  where 
ittd  leading  to  Delta  crosses  levee.  The  stone  is  marked  with  the  letters  U.  S.  P.  B. 
I.  on  top.    The  elevation  of  this  bench-mark  is  56.7991  meters. 

V.  8.  D.  M.  "  Friar's  Point  /. ''—rCenter  of  hole  in  outer  end  of  copper  bolt  1  centi- 
meter in  diameter,  leaded  horizontally  into  brick  in  southwest  wall  of  jail  at  Friar's 
Wt,  Coahoma  County,  Mississippi.  It  is  118  centimeters  from  west  comer  of  build- 
Qgand  135*  centimeters  above  the  ground,  in  second  tier  of  bricks  above  water-table. 
'm  brick  is  marked  with  the  letters  P.  B.  M.  The  elevation  of  this  bench-mark  is 
7.^261  meters. 

r.  8,  B.  M.  **Friar'8  Point  II. " — Center  of  hole  in  outer  end  of  copper  bolt  1  centi- 
neter  in  diameter,  leaded  horizontally  in  a  brick  in  northeast  end  of  southeast  wall  of 
fick  baildiug  belonging  to  W.  H.  Dickerson,  at  Friar's  Point,  Coahoma  County,  Mis- 
usippi.  The  building  is  in  block  No.  2  of  Fuller's  Addition.  The  elevation  of  this 
«neh-mark  is  57.2970  meters. 

U.  S.  B.  M.  ^^ Helena  /." — Center  of  hole  in  outer  end  of  copper  bolt  1  centimeter 
Q  diameter,  leaded  horizontally  into  brick  in  east  end  of  north  wall  of  brick  building 
^  wtfgt  8ide  of  Main  street,  Helena,  Ark.  The  building  is  the  second  one  south  of 
I'ork  street,  and  is  owned  by  Tenney  &  Cashman.  The  elevation  of  this  bench-mark 
160.6381  meters. 

r.  8.  B.  M.  "  Helena  II." — Center  of  hole  in  outer  end  of  copper  bolt  1  centimeter 
n diameter,  leaded  horizontally  into  brick  in  south  wall  of  brick  building  in  north- 
jest  comer  of  Cherry  and  Rightor  streets,  Helena,  Ark.  The  building  is  owned  by 
^•8,  &  S.  H.  Homer,  and  is  occupied  by  McKenzie,  Homer  d,  Co.,  dealers  in  general 
DftKhandise.  The  bench-mark  is  216  centimeters  west  of  southeast  comer  of  build- 
IJg,  and  97  centimeters  above  the  sidewalk.  The  letters  P.  B.  M.  are  cut  in  the  wall, 
"he  elevation  of  this  benoh-mark  is  60.6446  meters. 
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APPENDIX  No.  7. 

[llONSTANTS  OF  TROUOHTON  &  SiMMS  ThKODOUTE  NO.  3. 

repobt  of  mr.  r.  8.  woodward,  assistant  engineer. 

Office  United  States  Lake  Survey, 

Detroity  January  31,  1879. 

r  the  past  three  seasons,  as  occasion  has  permitted,  observations  have 
determine  the  constants  of  the  Tronghton  and  Simms  Theodolite  No.  3. 
tions  have  been  reduced  from  time  to  time,  and  I  herewith  respectfully- 
lowing  report  giving  the  results  attained,  together  with  such  remarks 
d  necessary  to  explain  the  methods  adopted  in  obtainiog  them : 
its  obtained  np  to  the  present  time  are — 
the  space  on  the  horizontal  circle  between  the  graduative  marks  359^  55' 

r  one  division  of  the  striding  and  vertical  circle  levels. 

s  in  the  terms  of  the  periodic  series  eliminated  in  the  mean  of  the  read- 

croscopes  of  the  horizontal  circle. 

8  in  terms  of  the  periodic  series  not  eliminated  in  the  mean  of  the  read- 

croscopes  of  the  horizontal  circle. 

VALUE  OF  the  SPACE  359°  55'-0O. 

ntal  circle  of  this  instrument  is  read  by  three  equidistant  micrometer 
When  thelatterare  in  adjustment,  5revolutionsof  the  micrometer  screws 
oe  on  the  circle.  The  Aicrometer  heads  are  divided  into  60  equal  parts, 
)  seconds  may  be  read  directly  and  tenths  of  seconds  by  estimation.  In 
tain  the  run  of  the  microscopes  at  any  time,  it  is  necessary  to  know  the 
ace  on  the  circle.  To  this  end  36  spaces,  distributed  at  equal  intervals 
*cle,  were  measured  in  terms  of  the  micrometer  screw  of  Microscope  A ;  at 
Lng  the  measurement  of  these  spaces,  several  measurements  were  made 
359<^  55^-0^,  so  that  its  value  could  be  found  in  terms  of  the  mean  of  all 
lich  mean  may  be  assumed  to  be  5^  The  following  tables  give  the  re- 
observations  : 

Table  I. 

[From  Note-book  E.  548.] 
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Space 
meunred. 


358  55 

9  55 

19  55 

29  55 

a9  55 

49  55 

58  55 

69  55 

79  55 

89  55 

99  55 

109  55 

119  55 

129  55 

139  55 

149  55 

158  55 

109  55 
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20 
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40 
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90 

100 

110 

120 

130 

140 
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160 
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m  o  k 
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div. 


-1- 

0.08 

+ 

0.00 

0.05 

+ 

0.50 

+ 

0.70 

-f  0.42  1 

+ 

0.25 

0.10 

-  - 

0.35 
L28 

+ 

0.55 

-f 

0.85 

4-0.03 

— 

0.53 

+ 

0.10 

+ 

0.23 

+ 

0.17 

0.17 

Time  a.  m. 


10  20 
10  35 

10  46 


11  44. 


Space 
meaaared. 


o  / 

179  55 
189  55 
199  55 
209  55 
219  55 
229  55 
239  55 
249  55 
259  55 
269  55 
279  55 
289  55 
299  55 
309  55 
319  55 
829  55 
339  55 
349  55 


180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
340 
350 


«o 


"SI 

gs 

a  g  S 

-a 
> 

div. 
+  0.07 

-  0.80 
+  0.42 
--  0.45 

-  -  0. 15 

-  0.15 
4-0.07 

-  0.10 
4-0.00 

-  0.15 
4-  0.05 
4-  0.18 
+  0.35 
4-0.25 
+  0.42 

-  0.26 

-  0.02 

-  0.1& 


^ean  of  space  in  terms  of  micrometer  screw  =  5  rev.  4  0.1908  divis. 
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Tablk  II. 


• 

* 
Time  a.  m.  May  25,  1876. 

• 

Space 
measured. 

i* 

^W%   W9W9 

9vr ^ 

O      '          o 

850  55  -  9 
359  55  -  0 
359  55  -  0 
SS0  55  -  0 
359  55  -  0 
359  55  -  9 
359  55  -  0 

4-aN 

9  34 

-I-  0.U 

10  90 .-- 

+  0.13 

10  25 

■ 

+  6.30 

10  50 

+  «.« 

11  34 

+  1.17 

11  49 

' 

+  tlOf 

Mean  value  of  apace  in  terms  of  screw =5  rev.  +  0.1143  div. 

The  valne  of  each  space  given  in  the  first  table  is  the  mean  of  four  independent 
measurements.  For  each  measurement  the  micrometer  wires  were  moved  across  tbe 
space  measnred,  so  that  the  effect  of  any  small  movement  of  the  microscope  with  ref- 
erence to  the  Circle  would  be  rendered  as  small  as  possible.  Each  result  in  the  second 
table  is  likewise  the  result  of  four  separate  measurements.  As  the  observations  were  all 
made  within  a  period  of  three  hours,  the  results  oauuot  be  vitiated  to  any  appreciable 
extent  by  temperature  changes.     • 

Denoting  the  value  of  the  space  359°  55' — (P  by  «o,  and  the  value  of  one  division 
of  the  micrometer  head  by  d,  it  follows  from  the  first  table  that 


or 


and  from  the  second  table 


300.1903  d=t  5' =800" 


^—300.1903-^^' 


«o=300.1143d. 


Substituting  the  above  value  of  d  in  the  last  equation 

300.1143  ^^_  ^       ^ 

*«»— ^.1903  •  300''— 4  69' .  9241 

In  observing  for  run  of  micrometers  with  this  instrument  the  above  space  has 
always  been  used. 

VALUSS  OF  ONE  DIVISION  OF  STRIDING  AND  VERTICAL  CIRCLE  LEVELS. 

The  values  of  a  division  of  the  levels  were  found  by  comparisons  made  in  the  spring 
of  1877  with  the  level  trier  of  the  Lake  Su'vey.  The  mean  value  of  1  division  of  the» 
striding  level  for  a  space  of  about  12divisii>^^s  on  either  side  of  the  middle  of  the  level 
tube  was  found  to  be  0".898  at  a  temnerature  of  &P  F.  ^^ 

The  mean  value  of  1  division  of  the  vertical  circle  level  for  a  space  of  about  2«J 
divisions  on  either  side  of  the  middle  of  the  tube  was  found  to  be  1".026,  at  a  tem.— 
perature  of  H4°  F. 

No  determinations  at  other  temperatures  have  been  made  for  either  level.  The  con*-' 
pntations  of  the  above  values  are  given  in  MS.  report  No.  788. 

PERIODIC  ERRORS  ELIMINATED  IN  THE  MEAN  OF  THE  MICROSCOPE  READINGS. 


In  the  spring  of  1876  the  readings  of  the  microscopes  at  12  equidistant  points  o^ 
the  horizontal  circle  were  carefully  observed,  and  from  these  observations  the  fir** 
three  terms  of  the  periodic  series*  eliminated  in  the  mean  of  the  microscope  rea<lin^ 
were  computed.  The  correction  to  tlio  reading  of  any  microscope  for  this  periodic 
error  was  found  to  be  +  2".71  sin  (z  +  152°)  -f-  2".  10  sin  (2  ;er  -f-  245°)  +  0".48  sin  (4  ^ 
-f-  51°),  wherein  z  is  the  reading  of  the  microscope. 

The  observations  from  which  the  above  series  was  computed  are  recorded  in  note^ 
book  £  548. 


*  See  equation  (32)  p.  52,  vol.  II,  Chauvenet's  Astronomy, 
not  necessarily  due  to  eccentricity. 


It  should  be  observed  that  the  term  in  t  i 
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>IC  ERRORS   NOT   ELIMINATED  IN  THE   MEAN  OF  THE    MICROSCOPE    READINGS. 

mch  more  impfortance  than  the  preceding  periodic  error  is  that  not  eliminat'ed 
mean  of  the  microscope  teodings,  and  I  haye  therefore  taken  great  pains  to  de- 
e  its  natnre  and  extent.  In  the  following  pages  I  have  taken  up  the  investiga- 
tbis  class  of  errors,  in  the  genertvl  case  of  a  circle  read  by  any  number  of 
(tant  microscopes,  at  the  point  where  it  is  dropped  by  Chauvenet,*  and  have 
ed  briefly  the  effect  of  such  errors  on  observed  angles,  shown  how  they  may  be 
kted,  and  how  the  constants  of  the  different  terms  of  the  series  may  be  deter- 
The  formulas  derived  are  then  applied  to  compute  the  constants  ot  the  terms 
periodic  error  series  affecting  angles  observed  with  the  Troughton  &  Simms 
Ute  No.  3. 

easuring  angles  with  this  instrument  the  observations  have  generally  been  so 
ed  that  the  mean  of  the  several  separate  measurements  would  be  finee  from  peri- 
ror.  In  a  few  cases,  however,  it  has  been  impossible  to  do  this,  and  some  results 
•een  obtained  which  should  be  corrected,  if  used  in  the  computations  of  the 
f  triangulation. 

r  OP  PERIODIC  ERRORS  NOT  ELIMINATED  IN  THE  MEAN  OF  THE  READINGS  ON 
A  CIRCLE  OF  ANY  NUMBER  OF  EQUIDISTANT  MICROSCOPES. 

periodic  error  not  eliminated  in  the  mean  of  the  readings  of  q  equidistant  micro- 
may  be  expressed  by  the  series 

2  Mr  sin  (rg^-f /?r),t 

Q  r  is  the  reading  of  the  initial  microscope,  Ur  and  fir  are  constants,  and  r  is  1, 
c,  for  the  respective  terms  of  the  series. 

etermine  the  effect  of  this  error  on  an  angle  observed  between  two  objects,  let 
Ri  =:the  mean  reading  of  tl*e  q  microscopes  oji  the  fli'st  object, 
R3.=  the  mean  reading  on  the  second  object, 
a  =  the  true  value  oi  the  angle, 
he  correction  to  Ri  is 

Ziir  sin  (rg^r-h /9r);  * 

pposing  the  graduation  to  increase  from  Ri  to  Rs,  the  correction  to  Rs  is 

2  Mr  sin  (rqz  -\-  rqa  -h  /!/,). 

a=Ra  — Ri-f  ZUfSin  (rqz-^-rqa-^Pr)  —  2iir  sin  (rg^r-f  ^r) 
eduction ; 

a  =  Ra  —  Ki-f-2  2*ir  cos  (rqz-\'-qa  +  pT)9ia-qa» 

periodic  part  of  this  equation  vanishes  whenever  the  angle  observed  is  equal  to 
gnlar  distance  between  any  two  microscopes,  since  in  that  case 

sin  ^-  qa  =  sin  rp  tt = o,  jp  being  an  integer. 
ig  for  brevity 


ir,  =  rgir-f.^gtt+^r, 


on  (1)  may  be  written. 


a  =  R3  —  Ri-h2tti  sin  \  qa  cos  iti 
-h  2  «s  sin  qa  cos  tos 
-i-  2  lis  sin  I  qa  cos  w% 
-I-  etc. 

apparent  from  this  equation  that,  by  using  suitable  values  for  z^  some  of  the 

of  the  periodic  part  may  be  eliminated  in  the  mean  of  a  number  of  measure- 

of  a.    This  may  be  best  accomplished  as  follows :  Let  a  be  observed  on  all  the 

2rr 
sive  parts  of  the  circle  represented  by  -?  m  =  af  -f-  *>*  — »t  »»  being  successively  1, 

**^ 

Article  35,  pp.  51,  S2,  and  53,  Astrooomy,  vol.  II. 

M)uatioii  (33)  page  53,  Chauvenet's  ABtronomy,  vol.  11.    The  reading  of  either  microscope  might 

B  for  2.    It  need  be  taken  only  to  the  nearest  degree. 

iU  be  observed  that    —  is  the  distiuice  between  consecative  microscopes,  and  hence  the  equa- 

^poies  this  distance  divided  into  n  equal  parts. 
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2.  3 (n — 1).    Then  will  there  be  n  eqaationa  of  the  form  (2);  and  den 

tne  different  values  of  Bi  and  Kg  by  accentit,  the  type  equation  will  be 


(3)  a  =  Rs         -  Bi  -f  2mi  sin  i  qa  cos  I  tri-f  m— j 


-f  2ut  Bin  ga  coe  1 103+  ">— I 
-f  2i(9  sin  j  9a  cos  ( 103+  m_  j 


4-  etc. 
The  sum  of  these  equations  is 

»o=  S  (e.""  +  "-  b/"*  -^  ")  +  21..  8iD  i  ,«  V  coe  ^„.^.  »8^) 

4-  2mi  sin  ga  Z  eoa  I  iCi  +  m  i^j 

•f  2m3  sin  iqaX  cos  I  tc^-f  ''^  —J 

4-©tc. 

But  in  the  latter  all  the  terms  of  the  periodic  part  vanish  except  the  n***,  2n^ 
&c.,  which  become  respectively , 


Hence 

(4) 


2fitfn  sin  -  qa  cos  Wn,  2nuin  sin  nqa  cos  1^211)  etc., 


«  = -4- 2aiB  sin  ^  qa  costOn; 

n  2 


+2tfte  sin  uqa  cos  iTsn 
-j-etc. 

In  general,  n  mav  be  taken  so  lar^e  as  to  render  the  periodic  part  of  the  last  eqi 
unappreciable,  ana  on  this  supposition  a  will  be  given  with  the  required  deg 
accuracy  by  the  equation, 

(5) 


a=. 


2(R,<'"'^i>E<"*+^>) 


To  find  the  constants  Ui,  hq,  &c.,  dif  ^i,  &c.,  the  value  of  a  given  by  (5)  beinj 
stituted  in  (3)  gives  putting  r^"*  "^  ^^  =  o  —  (  R,^**  '^^  Ri  ^"*  "^  ^^  )  ,  and  develo 

the  cosines  in  the  second  member. 

(i»-fl)_    .     ,        /  2t  .       2»r        j        \ 

t*         s  2  sm  4  qa  (cos  m  ~ui  cos  tci  —  sin  m  -  »i  sin  iTi j 

\  n  n  ' 

+  2  sin  qa  (cos  m  ~  u^  cos  w^  —  sin  m  -^  «s  sin  wA 
^  n  n  ' 

+  2  sin  f  qa  (cos  m  —  iCg  cos  tcs—  sin  m  ~i*j  sin  Wj) 
*  1*  II  ' 

+  etc. 

Regarding  mi  cos  tri,  Ui  sin  tri,  u^  cos  w^,  u^  sin  ir^,  &c.,  as  the  unknown  quanti 
the  equations  of  which  the  above  is  the  type,  it  foll'»  a«  that 


-(m  +  l)cosm2» 


fiiii  cos  Wi  = 


sin  I  ga 


flMi  sm  ITi  = 


-.   (m+i)   .        2ir 
2r      ^  '  sm  wi 

n 


sin  I  qa 


(6) 


< 


2r  cos  TO  — 

nuj  cos  ir«= . 

sin  qa 


•Us  Bin  103=  — 


Bin  qa 
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fllCs  COS  1^3= 

nuz  sin  t(?3  =  — 
etc. 


2r<"*  +  ^^cosm^ 


sin  f  qa 

„   (m-fl)   .        6ir 
2»  'smm 

n 

sin  I  qa 
etc. 


These  equations  will  determine  vi,  Wij  us,  tr3,  &c.    Then,  since 

wi=qz   +iga+;?i, 
(7)  Wi=2qz'{-    qa-i-^iy 

etc.        etc. 
di,  $i^  duc..  may  be  found. 

When  a  number  of  values  of  uif  fii,  v^y  0^,  &c.,  have  been  computed  from  the  resid- 
uals, r  '**'*'  '  resulting  from  observations  on  different  angles,  in  order  to  combine  them 
80  as  to  obt^iin  the  most  probable  result,  it  is  necessarj'  to  know  their  relative  weights. 
Eeferring  to  equations  (7)  it  appears  that  the  weight  of  /?i  is  the  same  as  the  weight 
ri,  the  weight  of  /?2  the  same  as  that  of  tr-:,  &c.    From  equations  (6) 

r2iT 


zr  cos  m 


Vr  cos  Vt  = 


n 


n  siu- ga 
zx  sin  m 


Wr  sin  irr=  — 


n 


For  brevity  put 


n  sin  -r  qa 


x=- 


m 


(m+l)  r27r 

zv  COS  III  — —— 

It 


11  sin  ^  qa 


^  (m  +  l)    .        r2  7r 

It?  sin  m  ——- 

n 


Then,  si 


n  sin  -  qa 

<6 


smce 


Let- 


fir  cos  Wr  =  X 
Vt  sin  tPr  =  y 

iPr=tan~*  ^. 


E^  =  mean  error  of  tif 
E,^  =  mean  error  of  tCr. 

wr 


.Theu  supposing  the  mean  errors  of  the  residuals  v^^  "^  *^  to  be  each  unity,  it  follow* 
that—  . 


(10) 


«'  \  die  dr(»*+l)^ 


dy  '  dvm-\-V 

in  wliicb  m  is  successively  1,  2, 3 («  + 1)  as  heretofore.   From  equations  (8)  and  (9) 

dur  _        X  ^^j— .V 

dx      (ar^-f-y2H'  dy       (tt^-^y')i  * 

dWr X  dWr X 


dx 

"(«+iV 


x^+f    '  dy       x3  +  y«  ' 

dy    _ 


cos  m  n 
n  sin  2  90 


tin  m 


fi 


11  sin—ga 


*  See  ChAuvenet'B  Astronomy,  vol.  II,  art  23v  page  602. 
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Substituting  these  values  in  eqnAtions  (10)  and  reducing 


(11) 


2nmn*^qa 


E'»r,= 


I 


aHflr«8in«^^ 
I* 

Hence  the  weights  of  Vr  and  WtOt  fit  vary  as  fi  sin'  ^r  qa, 

DETERMINATION  OF  CONSTANTS  tti  AND  /7i  FOR  TROUGHTON  k  SIMMS  THEODOLITE  NO.  3. 

For  an  instmment  reading  by  three  equidistant  microscopes^  equation  (1)  becomfi 

a  =  R«— .Ri  +  2tti  cos(3;ar  +  )a  +  /9i)Bin)a 

-f  ^2  cos  (6^  4-  <^  +  ^)  fiin  3a 
-f  2ti3  cos  (9jr  +  (114.^)  sin  $a 
4*  ©to. 

From  this  it  appears  that  in  the  mean  of  two  measurements  of  a\  with  initial  micro- 
scope reading  z  for  one  and  180^  -f  z  for  the  other,  the  odd  terms  of  the  periodic  s^^ries 
are  eliminated.  In  using  the  T.  &  S.  theodolite  No.  3,  it  has  been  customair  to  follow 
this  consideration.  The  reading  of  the  initial  microscope  may  be  changed  from  z  to 
18(P  4-  '2'»  either  by  shifting  the  circle  18(P  or  by  transiting  the  telescope  and  turning 
the  alidade  180".  The  latter  method  has  been  followed ;  and  as  the  vertical  circle  of 
the  instrument  is  on  the  right  of  the  observer  for  one  result  and  on  the  left  for  the 
other,  the  observed  values  of  the  angle  (Ra  —  Ri)  may  be  conveniently  designated  by 

Ar  for  vertical  circle  ri^ht,  z^=zz 

ki  for  verticle  circle  lett,  Zi  =  180*>  -{"  * 

These  values  substituted  in  the  above  equation  give 

a  =  Ar  +  2tii  cos  iTi  sin  \  a 
4-2«<9  cos  Wi  sin  3  a 
4-&C. 
and 

a  =  A|  —  2tii  cos  tci  sin  \  a 
-f-2ii3  cos  1^8  Bin  3  a 
—  &o. 

Taking  the  sum  and  difference  of  these 

A  -4-  Ai 
(a)  a ^^  *=2iia  cosiTa  sin  3  a 

+  2u4  COS  104  sin  6  a 

-|*  &c.  I 

A  —  Ai  ^ 

(6)  ^-^ — ^=2t4i  cos  tci  sin  }  a 

-f-SuscostTssin  fa 
4- etc. 

In  MS.  report  No.  887  the  values  of  Ar  +  A|  have  been  computed  for  tweuty-a^ 
angles.    Fronj  an  inspection  of  these  values  it  is  evident  that  the  even  terms  expret«<5^ 
by  equation  (a)  are  insignificant.    The  application  of  the  second  and  fourth  of  f<c>^ 
mulas  (6),  using  such  values  of  a  that  sin  3a  and  sin  6a  are  near  unity,  shows  tli'^ 
the  coefficients  u%  and  114  are  inappreciable. 

In  the  computation  herewith  appended  the  constants  tti  and  ^1  for  the  first  odd  te 
of  the  series  nave  been  deduced  from  the  observations  on  ten  different  angles, 
appropriate  formulas  for  computing  the  constants  for  the  higher  odd  terms  have  ai 
been  applied,  but  do  not  give  values  for  the  coefficients  Vs,  Ms  larger  than  would  ' 
concealed  by  the  errors  involved  in  the  residuals  r. 

As  the  angles  from  the  measurements  of  wliich  u\  and  Q\  have  been  computed  we 

all  read  in  the  manner  explained  above,  the  quantities  r  ^*'*'*"  ^^  have  been  derived  fro^ 

the^quation  r  <*^  +  ^^  = ^ ^^— ^ ,  corresponding  to  equation  (6)  above. 

The  weighted  mean  values  of  ui  and  3i  resulting  from  the  computation  are 

Ml  =0".  936 
/3i=       1470 
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liese  sabstitnted  in  eqaation  (1)  give 

a  =  R9  — Ri  + 1^87  cos  (3z-fia+1470)  sin  }a, 

r=  1".  87  cos  (3;?  +  i  a  -f  147°)  sin  J  a. 
Por  a  numerical  maximum  of  p, 

a=  «)Oand;r=28lOor341o 

a  =  180O  and  ^ = 221°  or  281° 

a  ==  30UO  and  «r = 161©  or  221° 

For  any  Talue  of  a, 

a  a 

9  =  ownen;e'  =  —  s — 19°  or — 2-f41°. 

Alao, 

u  =  o  when  o = ||>  tt,  p  being  an  integer  or  zero. 

To  further  illnstrate  the  application  of  the  formala  deriyed,  the  following  table  has 
lieen  constructed  from  the  measurements  of  an  angle  not  involved  in  the  computation 
of  the  constants  tii  and  ^\,  The  headings  of  the  columns  are  in  accordance  with  the 
notation  explained. 


AngiU  ai  8odu»  Station  between  Walworth  and  Palmyra, 


a=s  312^53' 


12        ^=100 
nq 


V  =  l",m  cos  (3  ZH-i  a  +  1470)  sin  }  a. 


In. 

OlMierv«d  values  of— 

Computed 
values  of 

Corrected  values 
of— 

Ar.              Ak 

A,-Aj 
*--       2 

A,. 

Ai. 

0 

M 

// 

42.45 
43.80 
43.15 
44v05 
45.95 
46.70 
46.85 
45.50 
46.25 
46.75 
44.90 
43.70 

II 

46.25 
47.05 
46.70 
46.50 
45.25 
44.75 
44.20 
42.15 
44vl0 
4Su20 
44.30 
45.40 

+    1.90 
+     1.62 
+    1.T7 
+    1.22 

-  0.35 

-  a97 

-  1.32 

-  1.67 

-  1.07 

-  0.77 

-  0.30 
+    0.85 

II 

+    1.69 
+     1.72 
+    1.29 
+     0.52 

-  0.40 

-  1.21 

-  1.69 

-  L72 

-  1.29 

-  0.52 
+    0.40 
+     L21 

44.14 

AA.  fM 

1S» 

45.  52         45  33 

m 

44. 44         45  41 

IS 

44.  57  1      AK  OS 

w 

45.55 
45.49 
45.16 
43.78 
44.96 
46.23 
45.30 

45.66 

119 

» 

45.96 
45  89 

2]» 

43l87 

&8 

45l30 

Z» 

45.72 

Stt 

AR  QA 

»... 

44.91         44  19 

1 

Sams 

60. 05       61. 85 

60.05  1      AI  f» 

Mean  auxle  a  =  ai2o  52"  45".08. 

A  partial  test  of  the  accuracv  of  the  periodic  formula  is  afforded  by  a  comparison  of 
the  observed  and  computed  values  of  the  residuals  v. 

The  computed  valuer,  t?,  are  applied  directly  to  the  results  Ar,  and  with  their  signs 
changed  to  the  results  Ai,  to  produce  the  last  two  columns. 

^e9ult9  of  computation  of  Vi,  /?i,  and  relative  weights  from  ten  measured  angles. 


5Q 
54 

179 
74 
46 

44 

47 
57 


47 
4S 
27 
38 
25 
10 
38 
U 
31 
55 


II 

28.46 
16.32 
40.66 
56.76 
0&55 
5L83 
50.72 
59.27 
33.56 
16l35 


Smns 

Weighted  means 


01 


o 

149 
141 
145 
151 
149 
142 
148 
152 
137 
182 


146^  57 


«i. 


II 

0.779 
1,044 
0.898 
0.916 
0,966 
0.082 
1.154 
0.964 
0.992 
0.869 


0".9a57 


n  ski*  fa. 


10.000 

11.779 

11.980 

1L990 

10.371 

10.496 

7.703 

6.714 

7.176 

7. 976 


96.198 


n    shi'  }a.  nmsin*  ja. 


1,490.0 
1,660.9 
1,737.2 
1, 811.  8 
1.  545.  4 
1.480.4 
1,148.3 
1,020.6 
983.1 
1,212.4 


14, 100. 1 


II 

7.790 

12.289 

10.766 

10.997 

10.025 

8.732 

a897 

6.472 

7,117 

6.986 


90.031 


Very  respectfully, 

Oeneral  C.  B.  CoBfflTOCK* 

Superintendent  U,  8,  Lake  Survey. 


K.  8.  Woodward 


i 


Assistant  Engxneer, 
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APPENDIX  No.  8. 


Errors  of  certain  thermometers. 


REPORT  op  MR.  THOMAS  RUSSELL,  ASSISTANT  ENGINEER. 

Office  of  Surveys  of  Northern  and  Northwestern 

Lakes  and  Mississippi  River, 

Detroit,  Mich,,  May  25,  1879. 

General:  In  accordance  with  yonr  instrnctions,  I  have  the  honor  to  make  the 
following  report  on  the  calibration  of  thermometer  Baudin  6131,  its  corrections  at 
freezing  and  boiling  points,  and  on  the  corrections  of  Caasella  Nos.  21472,  21473, 21474, 
21475,  and  21476;  Ai,  As,  A3,  A4,  Bi,  B2,  Ba,  B4  of  the  Clarke  yards  A  and  B,  and  Gei»- 
ler  Nos.  1,  2,  3,  and  4. 

The  bulb  of  Baudin  6131  was  cracked  January  3, 1879,  while  trying  to  detach  a  colnmn: 
of  mercury  with  which  to  calibrate  it.  The  thermometer  was  sent  to  James  GreeOf  j 
New  York,  and  another  bulb  blown  on.     It  was  received  here  February  21,  lb79. 

The  following  are  the  dimensions,  in  inches,  of  this  thermometer  as  repaired:  Total 
length,  17|;  distance  from  (P  to  100^,  IS^^g;  length  of  bulb,  l^;  diameter  of  stem,  A» 
diameter  of  bulb,  t'V-  The  thermometer  is  graduated  according  to  the  Centigrade 
scale,  to  fifths  of  a  degree,  from  — 1.0°  to  -|-  101^.0. 

CALIBRATION. 

• 

The  calibration  corrections  of  a  Centigrade  thermometer  are  the  corrections  to  he 
applied  t«  the  division  lines  as  subdividing  into  parts  of  equal  capacity  the  tube  from 
the  line  0^  to  the  line  100°.  These  corrections  were  determined  for  Baudin  6131  with 
columns  of  50°. 2,  24°.9,  and  10°.  1.  The  columns  were  placed  in  various  parts  of  the 
tube,  and  the  readings  of  the  ends  determined  with  a  microscope  having  a  micrometer 
attachment.  The  focus  of  the  microscope  was  fixed  for  a  point  between  the  mercury 
and  the  graduation,  which  caused  indistinctness  of  both  images.  The  micrometer  was 
read  on  the  mercury,  and  the  graduation  above  and  below  it;  from  these,  by  dividing 
the  difierence  between  the  reading  on  one  graduation  and  the  mercury  by  the  dif- 
ference between  the  two  graduations  the  fractional  part  of  the  reading  of  the  end  of 
the  colunm  was  obtained.  The  dift'ereuce  of  the  readings  of  the  two  ends  of  the 
column  gave  the  length  of  the  column  at  that  part  of  the  tube.  From  the  various 
measured  lengths  of  the  columns  the  calibration  corrections  were  derived. 

Denote  the  measured  lengths  of  the  columns  according  to  the  part;  of  the  scale  on 
which  they  are  made  by  [0 '50]  [5  -30]  [15  '25],  &c.  In  the  tables  following,  these 
quantities  are  usually  the  means  of  two  or  more  measurements.  Denote  the  mean  of 
[0  •  50]  [50  •  100]  by  (Cm),  the  mean  of  [0-25]  [25  •  50]  [50  •  75]  [75  •  100]  by  (C«),  and 
the  mean  of  [0-10]  [10-20]  [20-30]  [30-40]  [40*50]  by  (Cio).  Denote  the  true 
lengths,  expressed  in  degrees  (the  degree  being  1}^  ol  the  capacity  of  the  tube  be- 
tween 0°  and  100°)  of  the  colimms  bv  Bso,  Css,  Cio-  Denote  the  calibration  corrections 
at  the  points  5°,  10°,  15°,  &c.,  by  ^(5).  ^(10),  0(15),  &c.  Then  from  the  25^^  colnmn 
tKese  equations  follow: 

Ci,  =  [  0-25]   +^(25) 

Cj6=  [25-50]   —0(25) +  0(50) 

C26  =  [50-75]   —0(50)4-0(75) 

Cs6=  [75-100]— 0(75) 

Summing  up  these  equations  and  dividing  by  4  we  have 


[0-2i]  4-  [25-,50]  4.  [50.75]  4- 75-100] 
C36=  7  ; 


that  is,  the  quantity  which  has  been  denoted  by  (Cjs)  is  equal  to  the  true  length  of  the 
column,  or  Civ  Making  this  substitution  and.  transposing,  the  expressions  for  the 
corrections  at  25°,  50°,  and  75°  are  as  follows: 

0(25)  =  (C^)--[O-25] 

9  (50)  =  0  (25)  4-  (C«)  -  [25-50] 

0  (75)  =  0  (50)  4-  (Csfi)  —  [5075] 

From  the  50°  column  we  get  in  the  same  way : 

^(50)=  (Ceo) -[0-50] 

With  equations  formed  by  the  10°  colnmn  it  will  be  found  that: 

Cio  =  (C,o)4-*^(50) 

By  substituting,  the  corrections  at  10°,  20°,  30°,  40°  will  be  found  to  be : 

9  (10)  =  (Co)  4- i  0  (oO)  -  [0-10] 

0(2O)  =  0(lO)4-(Cin)4.i0(5O)-[lO'8O] 


.><*> 
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system  of  measnrements  with  the  25^  colnmn  was  also  made  from  (P  to  25^,  5^  to 
10°  to  35^,  and  15°  to  40°.  Before  using  these  to  determine  the  corrections  at  the 
lis  5°,  35°,  and  15°,  the  columns  were  corrected  by  the  difference  in  the  measure- 
t«  of  [0-25]  in  the  two  systems.  This  correction  was  applied  as  the  temperature 
he  column  was  not  the  same  in  the  two  systems,  aud  its  length  not  the  same  in 
teqaence.     The  expressions  for  these  corrections  are  then : 


^(35) 

^(15): 


s 


cor't^d 


^(10)  +  |(C»)—[  10-30 
^(^^>-HC«5)-[  15-40 


[    5-30 
cor't'd 


he  corrections  at  5°  and  35°  may  also  be  derived  in  the  same  way  from  the  10° 
nm.  Where  there  are  two  values  of  the  calibration  correction  at  the  same  point 
meAn  w  adopted.    On  the  following  pages  the  observations  and  results  are  given : 


CALIBRATION  OF  BAUDIN  6131. 


AprU  14  and  15. 
[50°  oolmnn.    Temp,  of  Bir,  77°  and  729  ¥.] 


Space. 

Meaaored  lengths. 

Meana. 

Ut. 

2d. 

8d. 

4th. 

[0-60J 
[M^lOO] 

o 
60.231 

5a  153 

0 

50.240 
.149 

o 

5a2ao 

.120 

o 

50.240 
(     .119 
\     .152 

o 
6a285 

1           50. 189 

(Cm)  =  50. 187 

April  15  and  16. 
[26^  oolornn.    Temp,  of  air,  72o.] 


o 

Meaaored  lengths. 

Means. 

opace. 

Ist. 

2d. 

[  0-25 
25-50 
60-76 
7&-100 

0 

24.888 
24.987 
24.894 
24.887 

24.985 
34.902 
24.034 
24.960 

0 

24.911 
25.000 

24.882 
24.886 

24.922 
24.903 
24.938 
24.946 

o 

24.900 
24.993 
24.888 
24.886 

(C»)  —  24. 917 

r  0-251 

fr-30 

10-  35 

15-  40 

24.928 
24.902 
24.936 
24.953 

123  K 


! 
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April  16. 
[10°  colamn.    Temp,  of  air,  76".] 


(_ 

B_— .. 

KeMured  lengths. 

Means. 

oymov. 

Isi. 

2d. 

[  0-10] 
S-16 
10-20 
15-25 
20-30 
25-35 
30-40 
35-45 
40-50 

o 

10.130 
.138 
.079 
.095 
.163 
.158 
.166 
.166 
.144 

o 
10.128 

o 

10.129 
.138 
.088 
.095 
.164 
.158 
.166 
.165 
.146 

.096 

.166 
.157 
.167 

.147 

(Cio)  =  10.139 

AprU  15. 
[25P  oolmnn.    Temp,  of  air,  72P.] 


Space. 

Measured  lengths. 

Means. 

1st 

2d. 

3d. 

4th. 

[  0-251 
[25-50] 

o 

24.906 
25.006 

o 

24.914 
25.010 

o 

24.916 
25.018 

o 

24.915 
26.015 

o 

24.913 
25wOU 

(C«)  =  24  9e2 

From  the  5fP  colamn  [0-50J  [50-100]  the  correction  at  50°  is  found  to  be  - 
The  correction  at  the  same  point,  obtained  by  means  of  the  25^  column,  is  — O' 

The  mean  of  these  values  is  adopted  as  the  correction  at  50^,  and  with  this ; 
spaces  measured  by  the  25^  and  1(P  columns  the  calibration  corrections  at  th« 
between  0^  and  50^,  given  below,  are  found. 

CALIBRATION  CORRBCTIONS,  BAUDIX  6131. 


Temp. 

lOo  coL 

260  coL 

CaL  cor.  C, 
mean. 

o 

6C. 

IOC. 
15  C. 
20  C. 
25  C. 
80  C. 
35  C. 
40  C. 
45  C. 
60  C. 
76  C. 

-0. 010 

-0.036 

o 

-0.023 
-0.001 
-0.020 
+0.038 
+0.021 
-i-0.006 
0.000 
-0.036 
-0.037 
-0.064 
-0.080 

-0. 012 

-0.028 

-0.009 

-f  0.008 

BOHJNO  POINT. 


Two  determinations  of  the  boiling  point  of  Baudin  6131  were  made,  one  ll 
and  the  other  April  14.  The  thermometer  was  in  the  vapor  of  boiling  wate 
twenty  minutes  oefore  readings  were  made.  It  was  observed  both  in  a  ho 
and  vertical  position.  The  difference  in  the  reading  in  the  two  positions  Wf 
to  be  0^.  18  Cent. ,  the  reading  being  greater  when  hon  zontaL    A  determination 
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raa  made  Jnst  after  each  boiling,  allowing  fifteen  minntes  for  the  thennom- 
before  packing  in  ice. 

B  thermometer  was  observed  in  vapor  of  boiling  water,  readings  of  standard 
N^o.  1274,  James  Green,  were  made  about  the  same  time.  The  boiling  water 
at  the  level  of  the  barometer  cistern. 

nnal  report  of  the  Lake  Survey  for  1861  (page  199)  the  correction  to  reduce 
fs  of  No.  1274  to  true  barometric  height  is  — 0**>.006. 

ection  is  the  result  of  comparisons  made  at  Cambridge,  Mass.,  by  W.  C. 
reen  it  and  barometer  Newmann  No.  57.  Newmann  No.  57  had  been  pre- 
apared  with  the  Royal  Society  standard  in  London,  and  there  was  found  to 
•ence  between  them.  On  acconnt  of  the  considerable  time  since  the  com- 
1274  with  Newmann  No.  57,  it  was  considered  advisable  to  have  a  check  on 
on.  For  that  purpose  the  barometer  was  taken  to  the  office  of  the  Signal 
Detroit,  and  compared  with  "  signal-service  barometer  No.  352."  The  result 
)arison  showed  that  the  correction  is  about  the  same  as  that  found  in  1861. 
ht  of  the  ground  in  the  vicinity  of  the  Lake-Survey  office  is  about  601  feet 
evel ;  the  neight  of  the  barometer  cistern  above  the  ground  was  29  feet. 
:ion  to  be  applied  to  the  observed  barometer  heights  for  elevation  above 
id  to  reduce  to  latitude  45°,  the  latitude  of  Detroit  being  42^  20',  is  —  0>".0O7, 
total  correction  to  be  applied  to  the  barometer  readings,  in  addition  to  the 
o  0^.0  Cent.,  is— 0«n.013. 

lere  was  an  excess  of  pressure  Inside  of  the  vessel  containing  the  boiling 
hown  by  a  water-gauge  made  of  a  glass  U-shaped  tube  attached  to  it,  the 
ection  was  made  tor  it. 

100^  on  Centigrade  thermometers  represents  the  temperature  of  steam  under 
pressure,  or  a  barometric  reading  m  the  latitude  45^- at  sea-level  of  0.760 
after  correction  to  0°  Cent. 

lod  of  deriving  the  correction  to  any  reading  for  the  error  in  the  relative 
the  100°  and  the  (P  mark  on  the  thermometer  is  as  follows : 
;  by  Tt  the  reading  of  the  thermometer  in  vapor  of  boiling  water,  by  ir  the 
c  of  the  vapor  taken  from  the  tables  with  the  corrected  barometer  readings, 
le  reading  of  the  thermometer  in  melting  ice  just  after  boiling,  then  (r^ — /) 
difference  in  the  thermometer  readings  which  corresponds  to  a  change  in 
e  between  (P  and  the  temperature  ty.    The  value  in  centigrade  degrees  of 

e  thermometer  scale  is  then  — ^—r-.    Boiling  a  thermometer  lowers  its  freez^ 

fr — J' 

ind  the  freezing  point  rises  rapidly  afterward.    Taking  f '  as  the  reading 
ice  at  any  time,  then  for  any  other  reading  of  the  thermometer  t,  the 
ing  centigrade  temperature  (not  considering  calibration  errors)  will  be 


h) 


and  denoting  by  x  the  scale  correction  for  any  point  f,  it  becomes : 


=('-^'<r;^)-' 


)  corrections  of  Baudin  6131  are  given  for /'=  -f  0^.2  Cent.    A  change  in  / 
11  cause  a  change  in  the  scale  corrections  of  0^.001. 

BAUDIN  6131,   HORIZONTAL. 


Ther.  read- 

Scale, cor. 

ing. 

Cent. 

o 

o 

5 

+0.041 

10 

+0.083 

15 

+0.125 

20 

+0.168 

25 

+0.210 

30 

+0.252 

35 

+0.205 

40 

+0..337 

45 

+0.379 

60 

+0.422 

action  to  a  thermometer  reading  may  be  taken  as  consisting  of  two  parts, 
zing  point,  a,  which  is  a  constant  for  all  points,  but  varies  with  the  time ; 
lum  of  the  calibration  correction  and  the  correction  due  to  the  error  in  the 
dtion  of  the  freezing  point  and  the  boiling  point,  which  is  a  constant,  aa 
I  time,  but  varies  for  different  points  of  the  tnermometor. 


t 
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Correction  due  io  error  in  relalive  poHHon  of  freeeing  and  UtUing  pomii, 

BATJDIN  6131,   HORIZONTAL. 


Date. 


March  26,  1879. 
April  14, 1879. 


Mean. 


I 

o 


98.451 
98.5«8 


s 


S 


Inch. 

29.082 

29.173 


99.205 
99.294 


C3 


\S 


o 


-fO.754 
+0.728 


-4-0.060 
-H).127 


6 
9 


0      i 


0 

+0.8S 


i 


4*ffl*| 


BAUDIN  6131,   HORIZONTAL  IN  MELTING  ICE. 


Date. 


« 


o0> 


April,  9,  1879 
April  12,  1879 

Mean.. 

May  14.  1879. 
May  15,  1879. 
May  16,  1879. 

Mean.. 


-f0.in 
+0.199 


+0.188 


40.244 
+&250 
+0.262 


-tl» 


+0.252 


-«2S! 


Thermometer  in  rapor  of  boiling  water  April  14. 


BAUDIN  6131,   HORIZONTAL. 


Thermometer  reading 

Calihration  and  scale 

(Centigrade). 

corrections  —  5. 

o 

0 

0 

0.0 

5 

+0.018 

10 

+0.  082 

15 

+0. 105 

20 

+0.207 

25 

+0.231 

80 

+0.255 

35 

+0.295 

40 

+0.301 

45 

+0.842 

50 

+0.368 

COMPARISONB. 


Baudin  6131  was  compared  horizontally  in  water  with  Oassella  21472,  21474,  ^W^ 
Ai,  Aa,  Ay,  Ai)  and  Bi,  Bs,  bs,  B^.   The  thermometers  were  placed  with  the  stems  paraQd, 
and  the  bulbs  veiy  close  together.    The  water  covered  them  to  the  depth  of  1^  inches. 
The  tank  in  which  they  were  placed  is  3  feet  by  1  foot  and  li  feet  deep*    During  ^e 
time  the  comparisons  were  being  made  the  temperature  of  the  air  in  the  room  wm 
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kept,  aB  near  bs  practicable,  the  same  as  that  of  the  water.  The  only  time  when  this 
was  not  so  was  when  comparioous  at  the  temperature  of  44^  F.  were  read.  Then  the 
air  temperature  varied  ^m  46^  to  50^  F.  The  water  was  constantly  stirred  while  the 
thermometers  were  not  being  read. 

The  order  in  which  the  thermometers  were  read  were  Baudin  6131,  then  the  Cassellas ; 
Band  in  6131,  then  the  A's  and  B's,  and  Bandin  GVM  again.  The  mean  of  the  Ist  and 
^d  read.in^  of  Bandin  6131  was  taken  to  compare  with  the  Cassellas,  and  the  mean  of 
the  2d.  and  3d  to  compare  with  the  A's  and  B's.  The  thermometer  readings  were  made 
with  a  microscope,  the  micrometer  comb-scale  being  used  to  estimate  the  revolutions 
and  tenths  on  the  mercury,  the  graduation  preceding  and  the  one  following  it.  The 
time  required  to  make  one  series  of  rea<lings  on  all  the  thermometers  was  aoont  five 
minat^s.  Cassella  21472  was  close  to  Baudin  6131  in  the  tank.  Series  of  readings 
were  made  at  intervals  of  five  minutes.  Four  series  were  usually  made  at  each  tern- 
peratnjre. 

The  freezing  points  of  all  the  thermometers  were  determined  before  and  after  the 
eomparisons  made  in  April  and  May.  The  means  of  all  the  observed  freezing  points 
alter  December  25,  187U,  are  used  for  the  a  corrections,  except  for  Bandings  6131,  its  a 
^^rrection  having  been  changed  by  boiling.  The  corrections  determined  at  the  time 
the  comparisons  were  made  were  used  as  the  a  corrections  at  those  times  for  Baudin 
6131. 

Readings  of  Casella  thenmometera. 

HORIZONTAL  IN  MELTING  ICE. 


Date. 


Dieeemb«r28,1878. 
B>eeemb«r  30, 1878 
Jnuory  18,1870... 
T^Toary  3, 1879  . . 
Febraarv  5, 1879  . . 

^pril9,  i879 

Apfill2,1879 

Mat  14,  1879 

Hay  16, 1879 


ft  CorrectioiiJi 


No.  of 
reftalto. 


12 

8 


21472. 


32.14 
.12 
.12 
.08 
.10 
.12 
.12 
.10 
.00 


32.11 


-0.11 


21473. 


o 
32.00 


32.05 
.04 
.03 


21474. 


21475. 


o 
32.11 


32.04 
.04 
.03 
.03 


o 
32.07 


32.05 
.03 
.05 


32. 05       32. 05       32. 05 


2147& 


-0. 05     -0. 05     -0.  05 


o 
32.12 


32.00 
.08 
.04 
.05 


32.08 


-0.08 


Thermometers  of  Clarke  yards. 

HORIZONTAL  IN  MELTING  ICE. 


Bate. 


JoinarT  17, 1879 
Jianan^  18, 1870 . 
F*braary  3, 1870 
Fdiruary  5,1870. 

Af>rU9,  1870 

Iwill2,1870.... 

]f]irl4.1879 

May  If.  1879-.... 


«  Correetloiia. 


No.  of 
reaulta. 


4 
4 

e 

4 
4 
4 
4 
4 


32.61 

•  Do 

.58 
.52 
.57 
.56 
.57 


32.57 


-a  57 


o 

32.46 
.50 
.46 
.47 
.40 
.46 
.44 
.45 


32.45 


-0.45 


o 

32.43 
.44 

.40 
.43 
.36 
.36 
.41 
.40 


32.40 


-0.40 


<  Correetion :  Mean  of  A|,  At,  A,,  A4=-0o.44. 


A,. 


o 

32.40 
.40 
.37 
.41 
..32  ! 
.33 
.34 
.35 


-0.36 


B|. 


32.43 
.44 
.42 
.38 


B,. 


32.27 
.28 
.29 
.28 


B,. 


32.51 
.40 

.48 
.48 


;2.36        32.42       32.28       32.49 


-0.42     -0.28  I  -0.49 


B4. 


32.40 
.40 
.51 
.40 


32.50 


-0.50 


Mean  of  B,,  B»,  B,,  B4=-0o.42, 


In  the  latter  part  of  January  1879,  Casella  21472  was  compared  with  Casella  21473, 
^475,  Ai,  Ai,  Mf  A4,  and  Bauclin  6130.  These  comparisons-  are  used  to  determine  the 
fvrrections  of  Casella  21473  and  2147.5,  taking  Casella  21472  as  the  standard.  The  cor- 
nctioQfl  of  Casella  21472  are  derived  from  the  April  and  May  comparisons  with  Baudin 
031,  BS  are  also  the  corrections  of  Casella  21474,  21476,  and  Bi,  B2,  B3,  B4.  The  cor- 
nctioDS  of  A],  As,  As,  A4  are  ^derived  from  the  means  of  the  results  obtained  from  the 
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April  and  May  comparisons  with  Ban  din  6131.  as  the  standard,  and  the  January  com- 
parisons with  Casella  21472  taken  as  the  standard. 

The  following  table  gives  the  (6)  correction  of  Cassella  21472  as  determined  in  differ- 
ent ways.  The  corrections  are  derived  from  the  comparisons  with  Baudln  6130  and 
Baudin  6131,  calibration  and  other  corrections  being  applied,  from  comparisons  with 
Ai,  As,  As,  A-i,  and  Bi,  B«,  Bs,  B4,  applying  Lieutenant-Colonel  Clarke's  corrections  to 
the  means  of  both  sets  of  thermometers,  and  from  the  corrections  of  this  thennometer, 
furnished  by  Kew  Observatory,  England,  and  by  Prof.  H.  Ste.  Claire  Deville,  of  Paris. 

Table  ofh  corrections  of  Casella  21472,  as  derived  from  comparison  with  different  thermometers, 

THERMOMETER  HORIZONTAL. 


Bandio  6131. 

Mean  of 
Ai,  As,  A^  A4U 

Mean  of 
Bi,Bi,Bt,B4. 

Baudin  6130. 

1 

Kew  Observatory, 
England. 

ste.  Claire  De- 
ville. 

Temp.  F. 
32 

b  cor. 

0 

0.00 

b  eor. 

0 

0.00 

b  eor. 

0 

0.00 

1 

Temp.  F. 
32 

1 

beor. 

0 

0.00 

Temp.F. 

32 
35 
40 
45 
50 
55 
60 
65 
70 
75 
80 
85 
90 
85 

beor. 

0 

0.0 
0.0 
0.0 
+  0.1 
+  0.1 
0.0 
0.0 
0.0 
0.0 
0.0 

0.0  ; 

0.0 
0.0 
0.0 

Temp.F. 

beor. 

0 

1 

39.8 

+6.02 

44.1 

-  0.05 

-  0.04 

-  0.05 

-  0.02 

-  0.  02 

1 

49  7 

-  0.01 
0.00 

-  0.06 

-f  0.02 

0.00 

-  0.02 

48.7 
57.6 

+0.07 
+0.09 

56.5 

62.1 

60.8 

±0.02 

68.0 

66.7 
75.8 
84.7 

+6.07 
+0.08 
+0.06 

75.6 

0.00 
-  0.03 

84.4 



92.9 

0.00 

-  0.07 

-  0.05     i 

93.8 

+0.06 

9L4 

±6.03 

*****              •••• 

THERMOMETER  HORIZONTAL. 

Table  of  b  corrections  of  Casella  21472. 

[Taken  fh>m  cnirea  constmcted  ftt>m  preceding  table  with  the  observed  temperatures  as  abaoissas  and 

the  cortections  as  ordinates.] 


Temperature, 
F. 

Baudin  6131. 

Baudin  6130. 

Kew  Observa- 
tory. 

Mean  of 
Ai,  As,  As,  A4. 

Mean  of 
Bi,  Bs,  Bs,  B4. 

St.  Claire 
Deville. 

0 

32 
37 

0 

0.00 
h  0.02 

-  0.04 

-  0  04 

-  0.04 

-  0.05 

-  0.02 

-  0.02 
k  0.01 

- 

0 

O.OC 

-  0.01 

-  0.04 

-  0.06 

-  0.08 

-  0.09 

-  0.08 

-  0.07 

-  0.07 

-  0.08 

-  0.07 

-  0.06 
-0.06 

0 

0.00 

0.00 

+  0.05 

-  -  0. 11 

-f  0.05 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0 
0.00 

0 
0.00 

0 
0.00 

42 

47 

-  0.01 

-  0.01 
0.00 

-  0.06 

-  0.06 

+  0.02 
-j-  0. 01  • 
0.00 

-  0.02 

-  0.03 

52 

57 

62 
67 

±0.02 

72 

77 

-  0.01 

-  0.03 

-  0.03 

82 

i 

87 

-  0.07 

-  0.07 

-  0.04 

-  0.05 

92 

-  0.01 

±  0.03 

Baudin  6131  is  adopted  as  tbe  standard. 

In  the  latter  part  of  December,  1878,  cracks  were  noticed  in  the  bulb  of  Baudin  6130. 
These  gradually  increased  in  size,  and  March  15,  1879,  apparently  admitted  air  into  the 
bulb.  Accordingly  no  results  from  this  thermometer  enter  into  the  tinal  corrections 
derived  for  the  other  thermometers. 

The  con-ectious  of  Casella  21472,  21474,  21476,  Ai,  A2,  A3,  A4,  and  Bi,  B-j,  B,,  B4.  are 
derived  from  the  comparisons  made  with  it  in  April  and  May.  The  corrections  of  Cas- 
sella 21473,  21475,  and  also  of  Ai,  Aj,  A3,  A4,  are  derived  from  the  comparisons  made 
between  them  and  Casella  2147*^  in  January,  using  the  corrections  of  Casella  21472 
^iven  by  its  comparison  with  Baudin  6131.  These  corrections  are  given  in  the  preced- 
ing table.  For  the  corrections  of  Ai,  A3,  As,  A4,  the  means  of  the  results  given  by  the 
two  series  of  comparisons  is  adopted.  In  the  table  of  comparisons  following,  only  the 
uncorrected  readings  of  the  thermometers  are  given,  except  for  Baudin  6131  and  Casella 
21472, 
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From  these  tables  of  comparisons  the  following  tables  of  a  -|-  (  corrections  of  Cs- 
sella  21472,  21473,  21474,  21475,  21476,  A„  Ag,  A,,  A4,  and  Bi,  Ba,  B,,  B4,  are  made. 

a  -\~  h  corrections^  May,  1879. 


Temperature,  Fahr. 


o 
32.00 

44.1. 
40.7. 
56.5. 
62.1. 

6ao. 

75.6. 
84.4. 
92.9. 


a  -\-h 

correction 

of  21472. 


o 

—  0.11 

—  0.06 

—  0.07 

—  0.06 

—  0.09 

—  0.09 

—  0.11 

—  0.14 

—  0.11 


a  +  & 

correction 

of  21474. 


o 
—  0.05 


+ 


0.03 
0.01 
0.01 
0.05 
0.04 
0.06 
0.09 
0.06 


a  +  5 

correction 

of  21476. 


—  0.08 

—  0.03 

—  0.05 

—  0.04 
-0.07 

—  0.04 

—  0.09 

—  0.15 

—  0.10 


a  +  & 

corrections  of 

Ai,  At,  As,  A4. 


o 
0.44 

0.32 
0.82 
0.26 
0.28 
0.25 
0.29 
0.30 
0.24 


corrections  of 
Bi,  Bs,  Bt,  B«. 


—  a42 

—  o.ao 

—  0.28 

—  0.24 

—  0.20 

—  0.28 

—  0.32 

—  0.32 

—  0.24 


a  -\'h  corrections,  January,  1879. 


1 
Temperatore,  Fahr. 

a  +  5 

correction 

of  21473. 

a-\'b 

correction 

of  21475. 

a  +  b 
corrections  of 
Ai,  As,  At,  Ai. 

0 
32.00 

0 

-  0.05 

-  0.01 

-  0.01 
-h  0.02 
+  0.01 

•    —  0.  08 

-  0.08 

-  0.05 

0 

-  0.05 

0.00 

—  0.03 

—  0.01 

-  0.03 

—  0.06 

-  0.13 

-  ao8 

0 
—  0.44 

39.9 

—  0.38 

48.2 

-  0.38 

57.6 

—  0.27 

66.7 

—  0.27 

75.8 ^ 

84.8 

-  0.29 

-  aso 

9a  8 

—  0.23 

From  these  curves  of  the  6  corrections  were  made.  From  the  plotted  curves  the 
following  table  of  b  corrections  is  taken  for  Casella  Nos.  21472,  21473,  21474^  21475, 
21476,  and  for  the  means  of  Ai,  A3,  A3,  At,  and  Bi,  B3,  B3,  B4,  the  corrections  of  Ai^  A%y 
A3,  A4  being  the  means  taken  from  two  curves., 

THERMOMETERS  HORIZONTAL,  MAT,  1879. 

Table  of  b  corrections, 
(Qaantities  to  be  applied  to  the  scale  readings ;  when  +  to  be  added,  when  —  to  be  aabtracted.] 

DBFKNDIKO  CM  BAUDDC'S  6131 


Temperatnre,  Fahr. 


32 
37 
42 
47 
52 
57 
62 
67 
72 
77 
82 
87 
92 


21472. 

21473. 

21474. 

21475. 

2147& 

o 

o 

o 

o 

o 

0.00 

0.00 

0.00 

0.00 

0.00 

+0.02 

+0.02 

+0.04 

+  0.04 

+0.02 

+0.04 

+0.04 

+  0.07 

+0.04 

+0.04 

+0.04 

+0.04 

+  0.06 

+  0.02 

+0.04 

+0.04 

+  0.05 

+0.04 

+0.03 

+0.03 

+0.05 

+0.07 

+0.06 

+ao4 

+-0.04 

+  0.02 

+  0.07 

0.00 

+0.03 

+0.01 

+  0.02 

-rO.06 

+  0.01 

+0.02 

+0.03 

+0.01 

+0.04 

+0.01 

+0.00 

+0.02 

-0.01 

+0.01 

-0.02 

-0.02 

-0.02 

-0.03 

-0.02 

-0.04 

-0.07 

-0.06 

-0.03 

-0.03 

-0.04 

-0.07 

-0.06 

-0.01 

-0.01 

-0.02 

-a  05 

-a  03 

Mean  of 
Ai,As,As,A4 


0.00 
+0.04 
+0.10 

+ai2 
-fa  14 

+0.18 

+ai7 

+0.18 
+0.17 
+  9.15 
+0.14 
+  0.15 
+0.19 


Mean<^ 
Bi,Bs,B«.B« 


0.00 
+0.05 
+0.10 
+0.14 
+  0.15 
+0.18 
+ai3 
+0.14 

+ai3 

+0.10 

+o.od 

+0.12 

+ai7 


To  find  the  total  or  a-\-b,  corrections  of  these  thermometers  at  any  time,  add  to  the 
above  corrections  the  correction  of  the  thermometer  at  freezing  point  for  that  time. 
In  case  there  is  no  observation  of  the  freezing  point  at  the  time  the  total  correction  is 
required,  use  an  interpolated  value  of  the  correction  at  freezing  point,  according  to  the 
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1961 

le  after  the  time  forwhich 


time,  from  tlie  nearcet  two  detenuiuationi,  one  beC 
the  correction  is  wanted. 

The  followioK  table  cODtainB  all  the  det«rminatiODB  of  the  fi«e£iug  points  of  theae 
IhermoiaetetB  that  have  been  made. 

THERUOMETeRB  HORIZONTAL,  FABR. 

Tabu  of  a  oorrsolion*. 
[QokDtltlH  to  be  applied  to  KiUe  nadlugi  in  malUng  1».) 


Clu-ke,  April 
L^CaioneiCUrkt^  Ua;  Ji 
BrratoTj,  EnjEUod,  Jana- 


I>rt(i>it.  Mich..  Uanh,  WIS 

mtnitt,  Hlch..  Dewmbsr,  ins  ... 
tu.  Claim  DeTUle,  ParU,  Septem. 


DKmtt,  Mich..  D««nDbf!T,  1870.... 
OMroit,  Miofa.,  Majr,  181* 


214T3:      Uat.     314TS      S14TA. 


+a.ia 


4*^ 


-1-0. 06 


The  differen<>efn  the  readingof  the  CosellathermonetetB,  horizontal  and  vertical,  in 
«ltin^  ice,  is  0°.04  F.,  the  readiugs  being  greater  when  horiiontat. 
The  I'ollowing  table  contains  the  b  corrt>ctinns  of  the  Greisaler  tbermometera,  dednoed 
om  compariHona  made  with  Cagella  2M7'2,  March,  1877,  and  also  the  a  corrections,  or 
ic  correcIioiiHat  free linK  point,  in  January,  1877,  and  January,  1879.     Thecorreoti 
rfCaaella  '.21472  used  in  thU  reduction  are  those  determined  from  its  comparison  n 


of  the  Oeiwiler  ttiermometer  were  made  with  Caaella 

of 'J1472  wae  used,  difiijriug  from  the  foregoing 

the  difference  between  its  leadings  horiEOntally  and 


J,  a  ajBlrviii  ui 

0°.04,  which 
melting  ice. 

Table  of  i  oarrectioiu  of  Oatiler  lArrMonutsr*. 


Dtnorpnto  om  i 

litmniflwi. 

Data. 

Temp. 

•No.  1. 

Nd.  3. 

No.!. 

Ko.4. 

sa.0 

W.S 
70.1 

000 

-o,o« 
-o.« 

0.00 

SIS 

-0.0S 

is 

Io.a3 

0.00 

-0.  IS 
-0.S0 

'  AwEiiat.  IBTS.  Oeluler  No.  1  iraa  ntnnied  from  ths  flald  with  the  ETadnatcd  Hale  looae :  It  was 
lActcoed.  On  thia  accwmt  an  Interpolated  value  of  the  a  Fomctlon  lor  No.  1  would  not  be  proper 
ktioT  Unm  when  the  cairecttDIis  are  reaulnid  helweeo  Jaauar;,  IBTT,  and  Jannanr,  1378.  Therreei- 
^  point  of  No.  1  probably  changed  hj  about  the  wnin  amanot  aa  the  othera.  and  a  rate  of  nhans* 
*qaa]  lo  tfae  mean  Gbaii|;o  of  the  other  three  thermumeten  might  be  uaed  to  dotennlne  II 
tewwD  Janaary.  187T,  aodJauiuUT,  IBTO. 

a  CorrecUotB. 


THU. 

Temp. 

Np.1. 

Ho.  8. 

,^,. 

No.  4. 

si.1) 

ik 

is 

in 

Iw 

'' 

V«ry  respectfnlljr,  yoot  obedient  aervant, 


I 
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APPENDIX  No.  9. 


Wateb-Lkvel  Reductions. 


REPORT  OF  MR.   A.   R.  FLINT,  ASSISTANT  ENGINEER. 


□ 


Office  of  United  States  Lake  Survey, 

Detroit,  May  31,  187 

Sm:  I  have  the  honor  to  submit  the  following  report  on  the  redaction  of  water 
observations  made  since  June  1,  1878. 

Tri-daily  observations  have  been  made  at  ten  stations,  viz :  Marquette  and 
Ste.  Marie,  on  Lake  Superior ;  Milwaukee  and  Escanaba,  on  Lake  Michigan ; 
Austin,  on  Lake  Huron;  Detroit,  on  Detroit  River;  Cleveland  and  Erie,  on  Lake 
Charlotte  and  Sacket^s  Harbor,  on  Lake  Ontario. 

AT  MARQUETTE, 


Escanaba,  and  Port  Austin  the  observations  have  not  been  continuous  daring  the  ^| 
ter  months,  owing  to  ice  and  other  obstructions.  — . 

The  reductions  nave  been  made  in  the  same  manner  as  in  previous  years,  and  <-* 
plane  of  referenc-e  for  each  lake  is  unchanged.  For  details  see  Chief  of  Engineers'  { 
port  for  1876,  Part  III,  page  80.  The  relative  differences  of  elevation  between  the  bei 
marks  and  tne  gauge  zeros  and  check  points  were  determined  during  the  year  at  ( 
station,  except  Detroit  and  Port  Austin ;  the  check  observations  at  these  two  stat 
indicate  no  change  in  zero  of  either  gauge.  ^ 

The  following  table  gives  the  elevations  of  zero  of  gau^e  and  check  point  above'"^ 
respective  planes  of  reference  from  determinations  made  m  1877  and  1878 :  ^ 

'-:! 


stations. 


Charlotte 

Saoket'B  Harbor 

Cleveland 

Erie 

Detroit 

Milwaakee 

Escanaba 

Port  Aastin 

Saolt  Ste.  Marie 
Marquette 


Zero  of  ffnage 
above  plane  of 
reference. 


isn. 


-0.58 
+0.18 
-1-1.54 
+0.57 
+2.00 
+1.28 
-fO.80 

-i-6.1» 

+0.74 
+2.07 


1878. 


F0SL 
-0.65 
-H).15 
+1.54 
+0  04 


ft 


26 
83 


+0.74 
+2.03 


Check  point  alH^ 
plane  of  refewH- 


1877. 


FmL 

-0.68 
+L33 
--0.96 
--L01 
+L27 
+L86 
+L16 
-L23 


+2.12 


-r 


At  Charlotte  the  zero  of  the  gauge  and  the  check  point  are  below  the  plane  ojQ^ 

erence :  at  Port  Austin  the  check  point  is  below  the  plane  of  reference.  ^ 

The  location  of  gauges  and  check  points  remain  the  same  as  last  year.  ^ 

Bench-mark  No.  3  at  Erie  has  been  washed  away.  T-f 

Self-registering  gauges  have  been  maintained  at  Marquette,  Milwaukee,  and  4-i 

Austin.  -^ 

The  following  table  and  graphical  curves  for  the  year  1878-^79  are  oontinuatio>Ht 

those  in  Appendix  G  of  the  last  annual  report.  ^-i 

Reports  Nos.  291,  385,  466,  816,  832,  970,  and  1011  have  been  used  in  preparing  tH 

report.  -p 

Respectfully  submitted,  "P 

A.  R.  Flint^ 

Assistant  EngineT' 

General  C.  B.  Comstock.  [T 
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monthly  water  levels  for  the  several  stations,  infest  and  decimals^  hehw  the  planes  of 

reference, 

(ContiDUfttion  of  table  in  Appendix  6,  annual  rei>ort  for  1878. 
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REPORT  OF  MR.  J.   B.  JOHNSON,  ASSISTANT  ENGINEER. 

Detroit,  Mich.,  June  30,  1879. 

Sir  :  I  have  the  honor  to  submit  the  following  report  of  work  done  by  the  perma- 
■nt  party  on  the  Missiasippi  River  from  March  10  to  Jane  23,  1879 : 
The  organization  of  the  party  was  as  follows :  J.  B.  Johnson,  assistant  engineer ; 
^.  M.  Childs,  recorder;  Edward  Rickitts,  leadsman;  a  cook,  and  four  boatmen.    Ad- 
Ettonal  boatmen  were  employed  when  needed. 

The  party  was  organized  near  Peters  Landing,  Ark.,  on  March  10,  and  was  qnar- 
Bred  on  the  United  States  survey  boat  Pioneer.  The  boat  was  allowed  to  drift  down 
le  river  to  a  point  immediately  opposite  Helena,  on  the  Mississippi  shore,  where  it 
nived  on  the  11th. 

I.— character  of  work. 

According  to  instructions  received  from  Lieut.  D.  W.  Lockwood,  Corps  of  Engineers, 
lie  work  of  the  party  was  to  consist  of— 

1.  The  sounding  ot  five  lines  across  the  river  at  Helena  and  Ave  lines  at  Trotters  (a 
uiding  3  miles  above  Helena)  every  15  days,  or  for  every  five-foot  change  of  river  sur- 
ice,  if  such  change  should  occur  in  less  time. 

2.  Daily  sediment  observations. 

3.  Veli>city  measurements  with  mid-depth  floats  and  determination  of  river  slope. 

4.  Daily  gauge-readings. 

The  soundings  were  to  determine  what  relative  changes,  if  any,  occurred  in  the 
Iver  bottom  in  the  deep  water  at  Trotters  and  in  the  shoal  water  at  Helena,  for  vary- 
Dff  stages  of  river  surface. 

The  lines  at  Helena  were  sounded  9  times,  and  those  at  Trotters  8  times. 

Biver  discharge  and  river  slope  were  to  be  determined  on  two  days  at  highest  water, 
ad  on  two  days  at  lowest  water.  These  instructions  were  afterwards  modified,  and 
hese  determinations  were  ordered  to  be  made  every  ten  days. 

Velocity  measurements  were  taken  and  discharge  computed  on  five  days,  lines  4  and 
•  of  the  Helena  sections  being  used  for  that  purpose. 

The  river  slope  was  found  on  9  days,  5  of  which  correspond  with  the  dates  of  river 
liflcharge  determinations. 

Gaage-reatliugs  and  sediment  observations  were  made  daily. 

Longitudinal  lines,  mostly  in  shoal  water,  were  sounded  on  16  days,  between  May  7 
kod  June  17. 

Bench  marks  were  established  in  the  vicinity  of  all  water  gauges  and  properly  con- 
ected  in  duplicate  with  the  precise  bench-marks  and  reference  points  established  by 
jsistant  L.  L.  Wheeler. 
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n. — ^METHODS. 

1.  Soundings, — ^The  five  lines  to  be  sonnded,  both  at  Helena  and  at  Trotters,  were 
located  in  December,  1878.  They  were  100  meters  apart  at  each  place,  except  lines  3 
and  4  of  the  Helena  sections,  which  were  120  meters  apart.  They  were  marked  by 
posts  seta  few  meters  from  each  bank,  and  these  posts  were  located  by  Assistant  Ock- 
erson's  trian^alation.  At  Trotters,  however,  the  Mississippi  shore  has  a  caving  bank, 
and  on  March  12  these  .sounding  stations  were  all  gone.  Several  of  Mr.  Ockerson's 
triangulation  stations  had  also  been  washed  away  by  the  January  rise.  To  supply  the 
necessary  stations  from  which  to  observe  the  soundings  and  to  relocate  the  stations  at 
Trotters  I  found  it  necessary  to  retriangulate  about  4  miles  of  the  river.  The  length 
of  the  section  lines  at  Trotters  is  2,400  meters ;  at  Helena  they  are  1,400  meters  long. 
At  Trotters,  however,  they  cross  Middle  Bar,  which  is  entirely  covered  only  at  flo^ 
stage.  Stations  were  located  on  this  bar  on  the  several  lines.  Range  poles  about  30 
feet  high,  having  a  small  white  flag,  were  set  about  100  meters  back  of  each  sounding 
station. 

Two  instruments  were  used  on  shore  to  intersect  on  the  sounding-boat,  until  it  was 
found  that  one  was  sufficient.  All  soundings  at  hi^h  stage  and  those  in  the  deepest 
water  at  Trotters  at  low  stage  were  taken  by  allowing  the  boat  to  drift  with  the  cur- 
rent down  across  the  lines.  In  order  to  get  Ihe  soundings  properly  spaced,  when  they 
were  taken  in  this  way  an  additional  Tine  was  established  by  means  of  posts  and 
ranges  50  meters  above  the  first  section  line,  and  the  boat  flagged  to  its  position  on 
this  line  by  the  observer  on  shore.  These  downstream  lines  were  made  to  be  al>out 
70  meters  apart,  so  that  successive  soundings  on  each  section-line  were  separated  by 
that  interval.  At  low  stage  the  Helena  sections  and  the  shoal  water  at  Trott-ers  were 
sounded  by  pulling  the  boat  directly  across  the  river,  keeping  it  on  line,  soundings 
being  taken  every  half  minute.  This  made  the  successive  soundings  about  35  meters 
apart.  When  sounding  by  downstream  lines  a  flag  was  dropped  m  the  boat  at  the 
instant  the  leadsman  reached  the  range,  he  calling  **  tick,''  and  the  pointing  taken 
and  line  read.    When  sounding  across  the  river  every  minut-e  sounding  was  nagged. 

The  lead-line  was  always  read  to  tenths  of  a  foot.  It  was  carefully  tested  both 
before  and  after  each  set  of  soundings,  it  being  thoroughly  soaked  at  each  testing.  A 
23-pound  lead  was  used  for  all  soundings  after  April  1. 

Iror  the  Helena  sections  the  readinjj^s]  on  gauge  1  at  the  quarter-boat  were  taken, 
from  which  to  determine  elevation  of  nver  surface.  This  gauge  was  250  meters  above 
the  first  section  line.  At  Trotters  a  temporary  gauge  was  set  on  each  side  of  the  riv^ 
on  every  day  when  those  sections  were  sounded. 

Two  leads,  with  100  feet  of  line  attached  to  each,  were  lost  on  line  2  at  Trotters  on 
the  first  attempt  to  sound  those  sections.  The  bottom  was  full  of  trees  which  had  re- 
cently caved  into  the  river.  The  lead  caught  on  these  and  it  was  found  impossible  to 
remove  it  or  to  break  the  line.  It  was  not  considered  safe  after  that  to  soupd  lines  1 
and  2  at  Trotters  within  300  meters  of  the  Mississippi  shore. 

The  shore-line  at  Trotters  was  run  on  June  11  to  determine  the  extent  of  the  caving 
there.  It  was  found  to  have  caved  from  40  to  120  meters  after  Mr.  Ockerson  ran  it  in 
the  December  previous. 

2.  Sediment  observations, — Specimens  of  water  were  taken  daily  from  the  surface  and 
from  a  foot  above  the  bottom,  at  points  one-quarter  antl  three-quarters  of  the  distance 
across  the  river.  The  two  surface  specimens  were  put  into  one  vessel,  and  the  two  bot- 
tom specimens  in  another.  Arriving  on  shore  each  was  thoroughly  shaken  and  a  given 
quantity  measured  out  and  put  into  jars  marked  "Surface"  and  "Bottom,  "respectively. 
When  five  days'  specimens  nad  been  put  into  one  set  of  jars  they  were  allowed  a  week 
or  more  to  settle.  After  the  water  had  become  quite  clear  it  was  siphoned  oflF,  and 
the  sediment  filtered.  An  ordinary  filter-paper  was  used  at  first,  but  it  "was  found  to  be 
not  very  reliable,  and  "Munktells"  paper  was  used  exclusively  afterward.  Two  pa- 
pers were  made  of  exactly  equal  weight,  the  scales  weighing  readily  to  a  milligramme, 
and  the  filtering  done  through  both  of  them.  Care  was  taken  not  to  touch  the  papers 
with  the  hand  in  cutting  and  weighing,  as  the  moisture  absorbed  by  a  momentary 
contact  was  quite  sensible.  The  papers  were  usually  dried  by  a  slow  fire  in  an  open 
stove  oven,  sometimes  in  the  sun.  When  thoroughly  dry,  they  were  carried  at  once 
to  the  scales  and  their  difference  of  weight  determined.  This  difference  was  taken  as 
the  weight  of  sediment.  The  two  papers  that  belonged  to  a  single  specimen  were 
then  put  together  in  a  separate  envelope  and  carefully  laid  away  in  the  desk.  Nu- 
merous subsequent  weighings  were  made  of  each  set  or  papers  at  intervals  of  several 
days,  but  these  weights  were  not  used  in  the  final  reduction,  as  the  weight  of  sedi- 
ment thus  obtained  was  uniformly  from  2  to  4  per  cent,  greater  than  the  weight  ob- 
tained immediately  after  drying. 

The  sediment  work  was  done  in  a  tent  erected  on  shore  for  that  purpose.  The 
scales  were  mounted  on  a  post  set  firmly  in  the  ground,  and  entirely  free  fit)m  the  tent 
floor. 

It  soon  became  apparent  that  the  bottom  specimens  contained  too  much  heavy  sand, 
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but  it  was  not  till  April  8  that  I  found  time  to  examine  the  matter  thoroa; 
can  famiahed  me  for  obtaining  water  from  the  bottom  of  the  river  was  ma 
oopp«r,  cylindrical,  12  inches  high,  4  inches  in 
diameter/  There  were  two  valves,  one  at  top  and 
one  6  inches  from  the  top,  both  opening  up.  A 
concentric  ring  of  lead  was  molded  upon  tne  in- 
side at  bottom  to  sink  it,  leaving  an  opening  2^ 
inches  in  diameter  for  the  passage  of  water  into 

and   throuf^h  the  upper  chamber,  which  was  4 

inches  in  diameter.     When  this  can  would  strike 

the  bottom  it  would  incline  downstream,  and  the 

enrrent  would  instantly  force  more  or  less  of  the 

sand  from  the  bottom  into  the  upper  chamber, 

from  which  the  specimen  of  water  was  taken. 
It  would  seem  that  the  requirements  of  a  good 

sediment  apparatus  are — 

1.  That  at  any  desired  point  it  should  contain 
within  it  a  fair  specimen  of  the  water  which  then 
immediately  surrounds  it. 

2.  That  while  it  remains  at  this  point,  the  con- 
tents of  the  vessel  should  remain  undisturbed. 

3.  That  it  should  bring  its  contents  securely  to 
the  surface. 

To  fulfill  the  first  requirement,  the  vessel  would 
have  to  be  sunk  empty  and  opened  at  the  desired 
point,  or  else  it  must  be  open  for  its  entire  hor- 
izontal cross-section  in  sinking.  The  first  is  im- 
practicable^ from  the  great  pressure.  The  second 
can  be  realized.  If  the  passage  for  the  water  is 
not  the  entire  cross-section  of  the  retaining  vessel, 
the  water  it  contains  is  constantly  a  mixture  of 
water  frt)m  all  depths  above  it,  as  was  the  case  in 
the  can  above  described.  It  was,  however,  a  total 
failure  in  the  second  requirement,  which  made 
the  can  worthless. 

On  April  8,  I  attached  a  small  tin  can,  called 


iffhly.    The 
de  of  sheet- 


(( 


test  can,'*  to  the  side  of  the  copper  can  pre- 
viously used,  which  I  thought  would  frilfill  all 
the  essential  conditions.  It  worked  so  satisfac- 
torily, and  proved  so  conclusively  the  worthless- 
neas  of  the  copper  can,  that  I  asked  and  received 
permission  to  nave  a  permanent  one  made  em- 
bodying the  same  principles.  This  improved  eed- 
ment-oan  (Fig.  I)  was  first  used  on  April  30.  The 
excellent  results  obtained  by  it  attest  its  merits. 
The  lids  a  a  can  be  drawn  together  by  greater  or 
less  force  by  increasing  or  diminishing  the  num- 
ber of  rubber  bands  on  the  open  eyes  e  e.  These 
bands  were  always  loosened  from  one  of  the  eyes 
when  the  can  was  not  in  use,  in  order  not  to 
weaken  their  elasticity. 

Previous  to  April  25  the  daily  specimens  of 
wat-er  were  measured  outj  after  that  they  were 
vteighed.  There  is  a  practical  difficulty  in  meas- 
uring out  a  given  quantity  of  water  which  con- 
tains a  sediment  which  settles  rapidly,  and  obtain 
a  fair  sample  of  the  mixture.  When  the  water 
was  weighed  it  was  taken  from  a  tin  can,  by  an 
aperture  f  inch  above  the  bottom,  while  the  water 
was  kept  in  violent  agitation. 

3.  VeUmty  measurements, — ^The  methods  used  in 
this  work  were  virtually  those  described  in 
Humphrey's  and  Abbott's  Report  on  the  Missis- 
sippi River.  Lines  4  and  5  of  the  Helena  sections 
were  selected  on  which  to  observe  the  floats. 
They  were  100  meters  apart.  The  two  lines  were 
sounded  on  the  days  when  velocities  were  deter- 
mined. 

For  computing  the  discharge,  the  cross-section 

was  divided  into  one  more  parts  than  there  wereC 

«       stations,  the  points  of  division  being  at 


Fig.  1. 
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these  stations.    The  mean  of  the  mid-depth  velocities  at  the  two  sides  of  a  4 
was  taken  as  the  mid>depth  velocity  of  tnat  division.     For  the  outside  divisi 
mean  mid-depth  velocity  was  taken  as  ei^ht- tenths  of  that  velocity  at  the  fir 
station  from  snore.    The  mean  of  the  division  areas  on  the  two  section  lines  wf 
as  the  area  of  that  division. 

The  submerged  floats  consist>ed  of  two  tin  cylinders,  15  inches  high,  concen 
fixed,  the  outer  one  10  Inches  and  the  inner  one  8  inches  in  diameter.  This 
annular  space  of  1  inch  in  thickness  between  tbe  cylinders.  The  water  was  t 
access  to  the  lower  12  inch  of  this  space,  the  upper  3  inches  being  closed  ani 
with  air.  The  float  would  then  barely  sink  of  its  own  weight.  A  three-poni) 
weight  was  fastened  to  cross- wires  at  the  bottom.  The  suspending  cord,  whi< 
woven  cotton,  0.04  inch  in  diameter,  was  fastened  to  cross-wires  at  the  centea 
float.  The  air  in  the  upper  part  of  the  float  and  the  weight  at  bottom  would  st 
tend  to  maintain  the  float  in  a  vertical  position. 

The  surface  floats  were  oblate  ellipsoids,  made  of  zinc,  horizontal  diameter  10  * 
vertical  diameter  2f  inches.  A  weight  of  three  pounds  submerged  them  to  the  < 
They  carried  small  flags  at  top. 

4.  River  slope. — This  was  usually  obtained  by  4  hours'  simultaneous  readings 
ing  taken  every  15  minutes)  on  gauges  4, 1,  and  5,  placed  respectively  at  triangi 
station  37, 1,110  meters  below,  at  the  quarter  boat  fi20  meters  above,  and  at  tr 
lation  station  33,  1,960  meters  above,  a  point  midway  between  the  section  lint 
for  velocity  measurements.  The  gauges  were  carefully  connected  in  duplicati 
their  corresjwnding  bench-marks  on  the  days  when  river  slope  was  determined* 
thought  the  error  in  the  elevation  of  the  zero  of  the  gauge  was  never  more  thi 
foot. 

5.  Daily  gauge-readings, — Gauge  1  was  read  daily  at  7  a.  m.,  12  m.,  and  at  6  p« 
All  gauges  were  boards  painted  white  and  graduated  in  black  to  half-tentli 

foot.    They  were  securely  fastened  to  stakes  driven  firmly  into  the  ground,  anc 
frequently  tested  for  elevation  of  zero.  • 

in.— RESULTS. 

1.  Soundings  on  section  lines. — The  results  of  all  section-line  soundings  are  sh<i 
the  combined  profile  sheets.  No  great  changes  occurred  at  either  Trotters  or  I 
The  small  and  apparently  erratic  changes  shown  on  the  Helena  sections  coal 
be  satisfactorily  explained  by  supposing  the  bottom  of  the  river  there  to  cor 
waves,  whose  axes  bore  a  certain  angle  to  the  section  lines,  and  that  these  wa^ 
a  motion  downstream.    This  proved  to  be  the  case. 

2.  Soundings  on  longitudinal  lines. — On  May  7  I  commenced  sounding  longitudin- 
from  a  point  2,000  meters  above  the  Helena  sections  to  a  point  1,000  meters 
them.  Two  snch  lines  would  be  sounded  on  the  same  day,  near  the  middle 
river,  from  100  to  300  meters  apart,  and  repeated  every  three  to  five  days.  Tl 
was  allowed  to  drift  with  the  current,  the  lead  to  remain  near  the  bottom,  and 
lugs  taken  every  15  seconds.  This  made  the  soundings  from  20  to  25  meters 
A  flag  was  shown  in  the  boat  at  every  minute  sounding,  and  the  position  of  th€ 
man  located  by  two  instruments  favorably  placed  on  shore.  The  soundings  wei 
plotted  in  both  plan  and  profile.  Eflbrt  was  made  to  have  the  two  lines  of  sue* 
soundings  to  coincide^  as  nearly  as  possible,  with  those  of  previous  soundini;^ 
lines  in  plan  were  copied  on  a  sheet  of  tracing  linen.  Whenever  two  were  foi 
coincide  in  position  their  profiles  at  this  point  could  be  compared.  A  line  was 
from  triangulation  station  35  at  right  angles  to  the  current,  and  called  a  referen 
on  which  to  arrange  the  profiles  for  comparison.  If  the  axes  of  the  waves  wer« 
lines  and  parallel  to  this  reference  line,  profiles  of  dififerent  dates,  when  arran  j 
this  line,  might  be  compared  for  motion  of  wave,  though  they  should  not  coiD< 
plan.  Unfortunately  neither  of  these  conditions  seemed  to  be  fulfilled,  so  tha 
those  lines  and  parts  of  lines  which  very  nearly  coincided  in  plan  could  be  safel; 
to  determine  the  motion  of  the  waves.  The  prominent  waves  shown  by  the  first 
soundings  were  numbered;  afterward  portions  of  one  or  both  lines  would  usually 
cide  closely  with  some  previous  line,  and  by  comparing  these  parts  of  the  profii 
waves  here  could  be  clearly  indentined,  provided  too  long  a  time  had  not  elaps* 
tween  the  soundings.  The  remaining  waves  on  the  new  line  could  then  be  i 
numbered  from  their  ndation  to  the  waves  that  had  been  thus  identified.  Long 
nal  lines  were  sounded  over  as  nearly  as  possible  the  same  portion  of  the  river  oi 
7,  9,  13,  16,  19,  26,  30,  June  4,  9, 13,  and  17.  On  plate  I  is  shown  a  portion  of  se^ 
these  lines  in  plan  and  section.  Waves  9,  10,  11,  13,  and  17  had  oeen  continu 
identified,  with  the  exception  of  wave  9  on  the  last  three  lines,  which  is  somewhf 
certain.  It  may  be  an  entirely  new  wave.  The  datum  planes  of  these  sections 
been  arranged  on  the  reference-line,  according  to  the  date  of  the  soundings.    E 


J  PLATE  I. 
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drawn  Joining  the  several  positions  of  the  same  wave,  which  lines  show  the 

ovement  of  the  waves  downstream. 

Jl  the  observations  that  have  been  made  the  following  facte  may  be  stated 

3g — 

Sand  waves  at  Helena, 

^  l^igth  of  waves  from  crest  to  crest,  abont  100  meters. 

ae  length  of  waves  from  crest  to  crest,  about  150  meters. 

^  heignt  of  waves  from  crest  to  valley,  about  5  feet. 

[le  height  of  waves  from  crest  to  valley,  about  8  feet. 

^e  velocity  of  motion  of  crest,  5.41  meters  per  day. 

results  were  obtained  in  a  depth  of  water  varying  from  13  to  30  feet.    The 

river,  varied  from  12  to  18  feet  above  low- water  at  Helena. 

ives  decrease  in  size  for  a  falling  river  and  vice  versa.    Their  rate  of  motion 

earn  is  a  function  of  the  velocity  of  the  water.    They  do  not  extend  from  bank 

it  Helena,  but  disappear  about  200  meters  from  each  shore,  covering  about 

t«rs  of  the  cross-section  of  the  river. 

meni  observatione, — ^The  following  table  contains  the  results  of  the  sediment 

ons.    It  will  be  noticed  that  the  ratio  of  the  bottom  to  surface  proportions  of 

vary  almost  uniformly  after  the  improved  apparatus  was  used. 
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4.  Vehcity  measurement, — ^The  mean  velocity  of  the  river  and  the  amount  of  the  dis- 
charge were  computed  from  the  mid-depth  velocities  by  the  follo\nng  formula,  taken 
from  Humphrey  and  Abbot's  Report  on  the  Mississippi  River : 

Vm  =  ViD-T»r(l)v)H 

Q  =  av=[a'Vn] 

b=    h^^ 

(D-*-1.5)*ii 

Where 

Vm  =  mean  velocity  in  any  vertical  plane  in  feet  per  second. 

Vi  D= mid-depth  velocity  in  any  vertical  plane  in  feet  per  second. 

V  =  mean  velocity  for  the  entire  cross-section  in  feet  per  second. 

D=mean  depth  of  the  division. 

a = area  of  the  entire  cross-section  in  square  feet. 

a',  a'',  &c.= areas  of  the  divisions. 

Q  =  quantity  of  water  discharged  in  cubic  feet  per  second. 

^        ]  =  sign  of  summation. 

The  following  is  a  table  of  the  results : 


Date* 


1870. 

April  4 

May  12 

May  22 

Junes..... 

June  13 


o  >  h 
QO 


o 


33.2 
16.3 
14.4 
14.2 
18.3 


> 

111 


Feet 

4.2636 

3.2297 

8.5660 

3.6633 

3.8822 


©  c  "  S 


ii^'S^s 

0? 


728,543 
304,672 
281,601 
294,868 
385,531— 


5.  Biver  slope, — ^The  following  table  embodies  the  results  of  all  observations  for  river 
slope: 


«  P 

FaU. 

«m2 

o  ®  ■• 

Date. 

5e6^  g 

umber 
multa 
readinj 

A  33— 0. 1. 

G.  1.  — A  37 

A33— A37 

Remarks. 

Di8t.= 
1340-. 

Di8t.= 
1730-. 

Digt.= 
807U-. 

^ 

^ 

1879. 

Feet 

Feet 

Feet 

March  31 

33.2 

8 

0.209 

0.408 

0.608 

April4 

May  12 

33.2 
16.3 

8 
8 

0.875 
0.725 

0.272 

0.999 

Wind  4  miles  per  hour 

up-stream. 
StiU. 

May  20 

14.4 

9 

0.402 

0.557 

0.959 

May  21 

14.4 

16 

0.392 

0.671 

L063 

Wind  4  to  6  miles  per 
hour  do  wustream. 

May  22 

14.4 

16 

0.410 

0.553 

0.963 

\vmd  per  hour  down- 
stream. 

May  24 

14.1 

17 

0.399 

0.556 

0.955 

Jane3 

14.2 

17 

0.368 

• 

0.599 

0.967 

Wind  4  miles  per  hoar 
down-stream. 

June  13 

ia3 

16 

0.249 

0.478 

0.727 

Still. 

6.  Daily  gauge-readings, — ^The  results  of  the  daily  gauge-readings  are  shown  by  the 
curve  of  oscillations  on  Plate  I. 

Much  of  the  care  and  rapidity  with  which  most  of  the  work  was  done  is  due  to 
Recorder  W.  M.  Childs. 

On  June  21  the  quarter-boat  was  towed  to  Memphis  by  the  steamer  Mike  Davis,  and 
the  party  was  disbanded  on  the  23d. 

Very  respectfully,  your  obedient  servant, 

J.  B.  Johnson, 
Assistant  Engineer, 

Maj.  C.  B.  CoMSTOCK, 

Corps  of  Engineers, 
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APPENDIX  No.  11. 

Chabts. 

1.— List  of  published  lake-survey  charts,  June  30, 1879. 


Nome  of  chart. 


Erie 

end  Lake  Erie 

y'ft  and  Baaa  Islandft,  Lake  Erie 

'A  of  Mackinac 

Neebiah  Rapids,  Saint  Mary's  RiTer 

aw  River 

Clair  Flats 

lo  Harbor 

IS  Harbor  Lake  Huron 

tr  Island  (Grroup,  Lake  Michij^an 

)  Hsfbor,  Lalce  Superior 

e  Harbor,  Lake  Superior 

•  Saint  Marie,  liTo.  1 

•  Saint  Marie,  No.  2 

nee  Bay,  Lake  Erie 

»  River.  Lake  Superior 

lagon  Harbor,  Lake  Superior 

law  Bay,  Lake  Huron 

der  Bay,  Lake  Huron 

uette  Harbor,  Lake  Superior 

me  Isle  and  Middle  Island,  Lkke  Huron...., 

Huron 

I  end  Lake  Huron 

1  Island,  Lake  Superior 

end  Lake  Superior 

i  and  Little  Traverse  Bays,  Lake  Michigan 

1  end  Green  Bay 

er  Harbor,  Lake  Superior 

se  and  Keweenaw  Bay,  Lake  Superior 

4;e  Lake  and  River 

Superior,  No.  1 

Superior,  No.  2 

1  end  Lake  Michigan 

n  Island , 

lend  Green  Bay ^ 

Superior,  No.3 

Clair  River 

loyale.  Lake  Superior 

h  of  Detroit  River 

>f  Chicago 

Saint  Clair 

Lawrence  River,  No.  1 

isky  Bay 

Lawrence  River,  No.  2 

Lawrence  River,  No.  3 

Lawrence  River,  No.  4 

Beach  Harbor  of  Refoge,  Lake  Huron 

ira  Falls 

Lawrence  River,  No.  5 

lend  Lake  Michigan '. 

-chart  No.  5,  Lake  Michigan 

rchart  No.  3,  Lake  Michigan 

Lawrence  River,  No.  6 

>chart  No.  2,  Lake  Michigan 

rchart  No.  1,  Lake  Michigan 

»it  River 

;-chart  Na  6,  Lake  Michigan 

>chart  No.  7,  Lake  Michigan 

:-€ hart  No.  4,  Lake  Michigan 

:'Chart  No.  1,  Lake  Ontaru) 

Ontario 

■-chart  No.  9,  Lake  Michigan 

>«hart  No.  8,  Lake  Michigan 

^hart  No.  2,  Lake  Ontario 

t-chart  Na  3,  Lake  Ontario 

t-chart  Na  4,  Lake  Ontario 

U^hart  No.  5,  Lake  Ontario 

t-chart  Na  2,  I^ke  Erie 

>chart  No.  3,  Lake  Erie 


Scale. 


1-400, 

1-120, 

1-50, 

1-120, 

1-15, 

1-10, 

1-32, 

1-30, 

1-16, 

1-120, 

1-500, 

1-10, 

1-40, 

1-40, 

1-30, 

1-10, 

1-16, 

1-120, 

1-40, 

1-50, 

1-40, 

1-400. 

1-120, 

1-25, 

1-32, 

1-120, 

1-120, 

1-10, 

1-30, 

1-30, 

1-400, 

1-400, 

1-400, 

1-30, 

1-120, 

1-400, 

1-40, 

1-30, 

1-20, 

1-20, 

1-50, 

1-30, 

1-20, 

1-30, 

1-30, 

1-30, 

1^. 

1-10, 

1-30, 

1-400, 

1-80, 

1-80, 

1-30, 

1-80, 

1-80, 

1-40, 

1-80, 

1-80, 

1-80, 

1-80, 

1-400, 

1-80, 

1-80, 

1-80, 

1-80, 

1-80, 

1-80, 

1-80, 

1-80, 


000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 
000 


2a 


1852 
1852 
1852 
4866 

1854 
1866 
1857 
1857 
1857 
1855 
1858 
1858 
1858 
1858 
1858 
1859 
1859 
1860 
1860 
1860 
1860 
1860 
1861 
1862 
1863 
1863 
1864 
1866 
1866 
1865 
1872 
1870 
1867 
1869 
1864 
1873 
1872 
1872 
1874 
1874 
1874 
1874 
1874 
1875 
1875 
1876 
1876 
1876 
1876 
1876 
1876 
1876 
1876 
1877 
1877 
1876 
1877 
1877 
1877 
1877 
1877 
1878 
1878 
1878 
1878 
1878 
1878 
1879 
1879 
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2.— LIST  OF  PUBLISHED  MISSISSIPPI  RIVER  CHARTS,  JX7KE  30,  1879. 


1 
2 
3 

4 
5 
6 
7 
8 
9 


Nome  of  chart. 


Miflflissippi 
Miasiflsippi 
Kisaiasippi 
Mississippi 
Mississippi 
Mississippi 
Mississippi 
Mississippi 
Mississippi 


River,  vicinity  of  Cairo,  HI 

River,  vicinity  of  Cairo,  111 

River,  vicinity  of  Cairo,  111 

River,  vicinity  of  Memphis,  Tenn 
Biver,  vicinity  of  Memphis,  Tenn 
River,  vicinity  of  Memphis,  Tenn 
River,  vicinity  of  Memphis,  Tenn 
River,  vicinity  of  Memphis,  Tenn 
River,  vicinity  of  Memphis,  Tenn 


Scale. 


1- 
1- 
1- 
1- 
1- 
1- 
1- 
1- 
1- 


10,000 
10,000 
10,000 
10,000 
-10,000 
10,000 
-10.000 

moM 

-10,000 


3.— TABLE^  SHOWIXG  THE  ANNUAL  ISSUE  OF  CHARTS  OF  THE  NORTHERN  AND  NO: 

WESTERN  LAKES. 

Prior  to  October  1, 1857 9 

October  1,  1857,  to  October  1,  1858 1 

October  1,  1858,  to  October  1,  1859 •..  2 

October  1,  1859,  to  October  1,  1860 4 

October  1,  1860,  to  October  1,  1861 3 

October  1,  1861,  to  October  1,  1862 5 

October  1, 1862,  to  October  1,  1863 , 4 

October  1,  1863,  to  October  1,  1864 ^ 2 

October  1,  1864,  to  October  1,  1865 S 

October  1,  1865,  to  July  1,  1866 S 

1866,  to  July  1,  1867 I 

1867,  to  July  1,  1868 ( 

1868,  to  July  1, 1869 I 

1869,  to  July  1,  1870 ^ 

1870;  to  July  1,  1871 

1871,  to  July  1,  1872 

1872,  to  July  1,  1873 

1873,  to  July  1,  1874 

1874,  to  July  1,  1875 

1875,  to  July  1,  1876 •.... 

1876,  to  July  1,  1877 

1877,  to  June  1,  1878 ( 

1878,  to  July  1,  1879 i 


July 
July 

July 

July 
July 
July 
July 
July 
July 
July 
July 
July 
June 


4.--LIST  OF  TRACINGS  FURNISHED  TO  PARTIES  FROM  JULY  1,  1878,  TO  JUNE  30, 


Name. 

Date. 

fLocality. 

Mi^j.  J.  M.  Wilson,  Corps  of  Engineers 

MaJ.  D.  C.  Houston.  Coma  of  Rnirineers ....... 

March  14. 1870 

May  6.  IvlO 

Brie  HarborjPa. 
Yidni^  of  Waakegan,  I 

I 
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PORT  OF  LIEUTENANTCOLONEL  G.  K.  WARREN,  CORPS 
>F  ENGINEERS,  ON  MAPS  OF  CAMPAIGNS  AND  BATTLE- 
FIELDS. 

United  States  Engineeb  Office, 

Newport^  R,  J.,  September  29, 1879. 

jrE^TEBAL:  I  have  the  honor  to  transmit  herewith  a  rei)ort  on  the 

laps  of  campaigns  and  battlefields." 

•  •••••• 

Very  respectfully, 

G.  K.  Warben, 
Lieut,  Col,  of  Engineers^  Bvt,  Maj,  Oen.y  U,  8,  A, 
die  Chief  of  Engutbers,  U.  S.  A. 


BEPOBT. 


Lt  the  date  of  the  last  annual  report  the  survey  of  the  battlefield  of 
gnat  28,  29,  and  30, 1862^  near  Groveton  and  between  Bull  Run  and 
Md  Run,  Virginia,  was  in  progress,  and  as  a  means  of  making  it, 
0(K)  had  been  allotted. 

n  order  to  furnish  information  for  the  use  of  the  board  of  which  Gen- 
1  Schofield  was  president,  the  field-work  was  suspended  as  soon  as 
most  important  part  of  the  field  had  been  covered,  and  a  map  rapidly 
pared,  which  was  submitted  in  evidence  before  the  board  at  West 
int  July  8, 1878. 

Jp  to  this  time  but  little  more  than  half  the  money  allotted  had  been 
)eoded,  and  it  was  my  intention  to  return  to  the  field  and  extend  the 
Ttf  but  the  great  demand  for  copies  of  the  map  for  use  on  the  inves- 
ation  and  the  necessity  of  compiling  an  additional  map  from  such 
ier  maps  as  were  available  in  order  to  exhibit  the  relation  of  the  part 
rveyed  to  the  outlying  country,  exhausted  M  the  ftind. 
in  estimate  was  afterward  submitted  to  make  certain  additional 
rveys  at  an  expense  of  $500,  and  more  extended  ones  at  an  expense 
$1,500;  but  it  was  decided  that  the  purposes  of  the  investigation  of 
i  board  could  be  accomplished  with  the  information  on  han^  and  no 
Iher  surveys  were  ordered. 

I  have,  however,  made  every  effort  to  secure  additional  information 
regard  to  maps  previously  constructed  in  this  region,  and  the  manner 
their  construction,  by  correspondence  with  such  survivors  of  the  war 
were  engaged  in  mapping,  and  have  had  considerable  success. 
it  must  be  remembered  that  the  battlefield  of  August  28, 29,  and  30, 
^  laps  to  the  eastward^  upon  the  battlefield  of  July  21, 1861,  and 
ou  that  at  Bristoe  Station  in  August,  1862,  and  again  in  October, 
^.  Its  interesting  campaign  features  extend  up  to  the  defenses  of 
ashington  on  the  north,  to  the  Rappahannock  River  on  the  south^ 
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and  the  Shenandoah  Eiver  on  the  west,  and  are  intimately  connected 
with  the  campaigns  of  Antietam,  Chancellorsville,  and  G^t^sbnrg. 

The  two  great  armies  crossed  and  recrossed  this  ground  in  the  years 
1861, 1862,  and  1863;  the  results  of  which  gave  to  the  Union  Army  a 
preponderance  that  ever  afterward  excluded  the  other  from  this  field. 

It  is  not  yet  properly  mapped.  Each  of  the  campaigns  has  its  records, 
and  its  hastily-made  maps,  which  taken  together  without  discrimination 
produce  nothing  but  confusion,  but  which  are  capable  of  being  reduced 
to  harmony,  so  as  to  fully  illustrate  each  campaign  without  confusion, 
if  but  a  few  check  surveys  can  now  be  run  and  impossible  agreementa 
of  data  disposed  of  by  an  examination  on  the  ground  so  as  to  reject  the 
ones  found  to  be  erroneous. 

I  have  during  the  year  1879  obtained  some  surveys  and  data  not  yet 
used  in  compilation,  and  have  the  prospect  of  getting  some  of  the 
original  county  maps  of  Virginia  by  tfohn  Wood,  from  which  Hermann 
Boye  made  his  compilation,  which  county  maps  may  enable  us  to  decide 
what  "principal  streams  and  roads'^  shown  on  the  Boye  map  are  repre- . 
sented  from  actual  surveys,  and  which  are  not. 

I  have  been,  in  different  official  orders,  connected  with  this  work  since 
the  close  of  the  war  in  1865.  A  letter  from  the  Chief  of  Engineers 
dated  June  26, 1865,  says,  "Major  G.  K.  Warren,  Corps  of  Engineers, is 
assigned  to  duty  •  •  •  to  prepare  his  campaign  reports  of  the  op- 
erations of  the  Army  corps  under  his  command."  Having  prepared  my 
data  to  begin  this  work,  I  applied  for  authoiity  and  means  to  hire  a 
clerk  and  draughtsman  to  assist  me.  On  November  4, 1865, 1  received 
notice  from  the  Chief  of  Engineers  "that  the  views  of  the  Secretary  of 
War  on  the  subject  of  expenditures  by  this  department  will  not  justify 
your  employment  of  a  draughtsman  and  clerk  to  enable  you  to  make 
your  report,  and  that  it  will  be  necessary  to  take  so  much  more  time  to 
effect  your  object  as  will  enable  you  to  prepare  your  own  reports  and 
accompanying  papers  and  maps  to  illustrate  the  same." 

I  then  gave  my  principal  attention  to  arranging  my  papers  and  reply- 
ing to  a  large  correspondence  with  our  disbanded  Army,  in  doing  which 
I  had  no  assistant,  and  completed  a  report  of  operations  at  Five  Forks 
and  the  three  preceding  days,  by  March,  1866.    I  was  then  assigned  to 
duty  as  junior  member  of  an  engineer  board  without  a  clerk,  which  oc- 
cupied me  till  the  end  of  May.    On  the  last  of  July  I  was  assigned  to  a 
field  of  new  duty  on  the  Upper  Mississippi,  succeeded  by  many  other 
engineering  duties,  without  neglecting  which  I  could  scarce  give  a 
thought  to  military  reports  and  maps,  until  the  Mississippi  Eiver  bridge 
report  was  completed  in  the  early  part  of  1878. 

However,  in  October,  1868, 1  was  assigned  by  the  Chief  of  Engineex^ 
to  the  duty  of  making  a  survey  and  mai)  of  the  battlefield  of  Gettys- 
burg, at  which  battle  I  was  chief  engineer  of  the  Army  of  the  Potom^*^ 
This  map  was  reported  in  the  last  annual  report,  as  published  ar» 
distributed.  This  map  of  the  battlefield  of  Gettysburg  should  "t 
accompanied  by  a  map  showing  the  routes  marched  over  in  that  car* 
paign,  for  which  map  I  had  many  notes  taken  at  the  time,  but  which  nO 
advancement  after  the  battle  to  the  command  of  an  army  cordis  ga^ 
me  no  chance  to  prepare.  To  harmonize  these  notes  with  others  wi 
require  comparisons  on  the  ground  and  additional  surveys. 

The  difficulties  in  using  the  data  in  a  compilation  arises  from  the  fa^ 
that  much  of  the  reconnaissances  were  made  on  horseback  with  est^ 
mated  distances ;  that  the  odometer  surveys  are  discrepant,  owi^ig  prot^ 
ably  to  the  roads  being  too  rough  for  such  an  instrument ;  that  prop^ 
connections  were  not  made  between  important  lines  or  points  j  and  tha^ 
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the  attention  of  those  reconnoitering  was  given  rather  to  the  country  in 
advance,  where  the  enemy  was  liable  to  interfere,  than  to  the  secure 
regions  behind  our  lines. 

Were  the  only  object  now  to  secure  a  good  map  of  the  country  as  it 
now  is,  entirely  new  surveys  might  be  best;  but  to  have  maps  to  illus- 
trate the  campaigns  in  the  war,  it  will  be  necessary  to  use  the  material 
then  collected,  and  only  such  new  surveys  need  be  made  as  will  proj)- 
erly  unite  the  data  of  the  war  maps.  Not  a  little  importance  to  under- 
standing war  operations  in  certain  places  and  times  depends  upon  a 
proper  showing  of  the  errors  of  these  war  maps. 

I  have  also  endeavored,  and  am  continuing  the  effort,  to  obtain  data 
for  a  history  of  the  topographical  engineering  work  of  tne  two  Corps  of 
En^^eers  within  the  field  of  operations  north  of  the  Eappahannock  and 
Bapid  Ann  rivers  from  the  beginning  of  the  war  to  the  time  of  the  close 
of  the  Gettysburg  campaign,  all  of  which  contributed  to  the  informa- 
tion upon  which  that  campaign  was  conducted. 

In  presenting  the  map  of  my  surveys  before  the  investigating  board 
at  West  Point,  in  July,  1878, 1  stated  that  it  was  my  intention  to  ac- 
company it  by  a  topographical  memoir.  This  I  had  prepared  as  nearly 
complete  as  I  then  could,  but  it  was  my  intention  to  revisit  the  ground 
as  soon  as  I  could  before  concluding  it.  There  were  certain  discrepan- 
cies in  surveys  of  regions  contiguous  to  my  survey  which  it  was  impor- 
tant to  clear  up  on  the  ground— things  more  easily  corrected  than  de- 
Knbed  for  others  to  do.  I  have  been  unable  to  revisit  the  field,  and 
8till  withhold  the  memoir. 

I  desire  that  existing  orders  in  regard  to  these  surveys  as  heretofore 
intrusted  to  me  may  be  allowed  to  remain  in  force  so  as  to  retain  my 
official  relation  to  the  subject,  and  thus  entitle  me  to  that  consideration 
from  others  which  is  due  to  public  work. 

The  best  compiled  map  I  could  make  with  the  data  then  on  hand  was 
lent  to  the  Engineer  headquarters  on  January  31, 1879. 
Bespectfully  submitted. 

G.  K.  Wabrbn, 
Ideutenant- Colonel  of  Engineers^  Bvt.  Major- Oeneraly  U.  S.  A. 
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United  States  Engineer  Office, 
Geographical  Surveys  West  of  the  IOOth  Meridian, 

Washington^  JD.  (7.,  June  30,  1879. 

General:  I  have  the  honor  to  submit  the  usual  report  for  the  fiscal 
year  ending  June  30, 1879. 

Appropriations  for  office  work  alone  having  been  granted  at  the  past 
sesvsion  of  Congress,  all  parties  were  withdrawn  and  field  work  sus- 
pended at  the  close  of  the  fiscal  year. 

SUMMARY  OF  FIELD  AND  OFFICE  OPERATIONS. 

Early  in  July,  1878,  nine  parties,  two  operating  in  double  lines,  of  the 
expedition  of  that  year  took  the  field  as  follows :  One  at  Fort  Stanton, 
^  y.  Mex.;  two  at  Fort  Garland,  Colo.;  three  at  Ogd«n,  Utah;  two  at 
Carson,  Nev.,  and  Fort  Bid  well,  Cal. 

The  separately  organiied  astronomical  parties  commenced  their  labors, 
one  at  the  observatory  of  the  survey  at  Ogden,  Utah,  a  second  at  Fort 
Bliss,  Tex.,  and  a  third  at  The  Dalles,  Oreg. 

The  i)olitical  divisions  entered  by  the  above  parties,  connecting  area^ 
Tith  those  occupied  heretofore,  were  California,  New  Mexico,  Texas. 
Arizona,  Utah,  Nevada,  Colorado,  Oregon,  Washington  Territory,  and 
in  portions  embraced  by  atlas  sheets  20  A,  20  C,  29  A,  29  C,  38  B,  66  B, 
56  D,  61  D,  70  A,  70  C,  73,  76,  77  D,  78  A,  83,  84,  90  A,  and  90  B.  (See 
projrress  map  herewith.) 
The  disbandment  of  the  expe<lition  was  successfully  accomplished  at 
Sacramento,  Cal.;  Fort  Bid  well,  Cal.;  Ogden,  Utah;  Fort  Garland, 
Colo. ;  Fort  Stanton,  and  Fort  Bayard,  N.  JVlex. 

The  parties  were  in  the  field  for  a  period  exceeding  five  months  with- 
out casualties,  and  the  accumulation  of  data  by  the  observers,  46  in 
Jomber,  exceeded  that  .of  any  former  year.  Valuable  observations, 
other  than  those  required  for  the  resulting  topographical  map,  were 
gathered  by  specialists  in  geology,  zoologj^,  ui)on  mining  at  the  Com- 
stock  Lode,  Nevada,  and  elsewhere. 

During  April,  1879,  a  special  party  of  the  Utah  section  was  engaged 
in  the  topographic  and  hydrographic  survey  of  the  Great  Salt  Lake 
and  vicinity,  while  two  parties  of  the  Colorado  section  at  Fort  Garland, 
Colo.,  and  one,  working  in  two  divisions,  of  the  California  section  at 
Sacramento,  Cal.,  were  organized  early  in  May  to  prosecute  their  labors 
in  parts  of  the  political  divisions  of  Colorado,  New  Mexico,  Utah,  and 
California,  embraced  by  atlas  sheets  41  A,  41  C,  41  D,  52  D,  56  D,  69  D, 
"0  A,  7(1  C,  77  B,  78  A.  (See  progress  map  herewith.)  The  parties 
rere  withdrawn  from  the  field  to  resume  office  labors  June  30,  1879. 

Among  these  parties,  and  from  the  chief  of  which  no  special  report 
▼as  received,  was  one  engaged  in  triangulation  observations  in  Central 
Colorado,  under  Louis  Nell,  assistant.  This  party  was  successful  in  its 
operations,  locating  along  its  route  a  number  of  new  mining  camps,  as 
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Silver  Cliff,  Leadville,  Ten  Mile,  Carbonate,  Frying  Pan  Gulch,  Monarch, 
and  the  new  discoveries  in  the  basin  of  the  Ounnison. 

The  group  of  mines  with  Leadville  as  a  center  was  found  to  be  of  un- 
doubted present  richness  and  oi  great  future  promise. 

Astronomical  stations  for  telegraphic  longitudes  and  zenith  telescope 
latitudes  were  occupied:  1.  Ogden,  Utah  (connecting  station);  2.  WaUa 
Walla.  Wash.:  3.  Dalles,  Oreg.;  4.  Fresno,  Cal.;  6.  Fort  Bliss,  Tex.5  6. 
Fort  Bayard,  !N.  Mex. 

As  usual,  at  the  Washington  office  a  number  of  draughtsmen  and  com- 
puters were  steadily  employed  in  reducing  observations,  plotting  results, 
and  in  the  delineation  of  the  final  atlas  sheets.  The  field  reducing 
office  at  Ogden  was  discontinued  during  the  season,  to  be  resumed  at 
its  close  and  continued  throughout  the  year. 

The  following  changes  have  occurred  with  regard  to  the  detail  of  officers 
serving  upon  the  work : 

Lieut.  Charles  0.  Morrison,  then  Sixth  United  States  Cavalry,  repaired 
to  West  Point  to  report  to  the  Superintendent  of  the  Military  Acswiemy, 
August  28,  1878,  pursuant  to  paragraph  2,  Special  Orders  No.  79, 
Headquarter's  of  the  Army,  Adjutant-G^eral's  Office,  April  13, 1878. 

First  Lieut  Rogers  Bimie,  jr.,  Ordnance  Department,  was  relieved  from 
duty  March  12, 1879,  by  virtue  of  paragraph  2  of  Special  Orders  N'o.  59, 
Headquarters  of  the  Army,  Adjutant-General  Office,  1879,  and  to  report 
in  person  to  the  Chief  of  Ordnance. 

First  Lieut.  Thomas  W.  Symons.  Corps  of  Engineers,  was  relieved  from 
duty  by  paragraph  5  of  Special  Oraers  No.  58,  Headquarters  of  the  Army, 
Adjutant-G^neraPs  Office,  March  11, 1879,  and  ordered  to  report  to  the 
commanding  general  Department  of  Columbia  for  duty,  and  was  re- 
lieved from  the  survey  June  1, 1879. 

Second  Lieut  H.  H.  Ludlow,  Third  Artillery,  was  relieved  by  para- 
graph 7,  Special  Orders  No.  122,  Headquarters  of  the  Army,  Adjutant- 
General's  Office,  May  23, 1879,  from  duty,  and  ordered  to  join  his  battery, 
which  took  effect  June  1, 1879. 

Dr.  J.  T.  Bothrock,  University  of  Pennsylvania,  completed  the  proof- 
reading of  his  report  and  those  of  the  several  other  botanical  authors 
contributing  to  Vol.  VI,  that  has  now  been  issued  from  the  Government 
Printing  Office.  • 

Prof.  F.  W.  Putnam,  curator  ofthePeabody  Museum,  Cambridge,  Mass., 
assisted  by  Dr.  C.  C.  Abbott  and  Lucien  Carr;  completed  his  portions  of 
the  manuscript  of  Vol.  Vn,  which  is  now  passing  the  different  stages 
of  proof  at  the  Government  Printing  Office. 

Sergt.  Thomas  Knight,  Company  F;  Corpl.  Joseph  T.  Hill,  Company 
I }  Artificer  Joseph  Messer,  Company  E,  and  Private  Brenholz,  Company 
D,  all  of  the  Fourteenth  Infantry,  were  detailed,  by  selection,  pursuant 
to  paragraph  1,  Special  Order  No.  29,  Headquarters  of  the  Army,  Adju- 
tant-General's Office,  February  8,  1878,  and  have  performed  excellent 
service. 

To  the  officers  and  other  assistants  engaged  in  prosecuting  the  ardu- 
ous labors  of  the  survey  for  another  field-season,  being  that  of  the  ninth 
regular  expedition  under  my  command,  indei)endent  of  the  winter  cam- 
paign of  1875-76  and  the  season  of  1879,  just  closed,  I  desire  tQ  extend 
my  recognition  of  the  unflagging  energy  and  willingness  shown  and 
steady  improvement  in  and  rapicUty  of  execution  of  the  several  parts  of 
the  work. 

As  usual  the  supply  branches  of  the  War  Department  have  aided, 
thereby  admitting  of  the  retention  of  a  larger  number  of  professional 
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assistants  than  could  have  been  secured  by  means  of  the  direct  appropria- 
tion alone. 

Prominent  features  from  the  results  of  observations  in  the  field  and 
redactions  in  the  office  are  herewith. 

FIELD  SEASON  OF  1878. 

Number  of  main  stations  occupied  for  astronomical  observations 5 

Sextant  latitude  stations 90 

Bases  measured 5 

Triangles  about  bases  measured 64 

Main trangnlation stations  occupied 70 

Seoondaiy  trian^ulation  stations  occupied 87 

Tbree-point  stations  occupied 763 

Stations^on  meander 15,936 

Miles  measured 10,299 

Cistem-barometer  stations  occupied 1,041 

Aaeroid  stations  occupied 7,057 

Magnetic  variations  observed 197 

Monuments  built 156 

Mimng  camx>8  visited 15 

Mineral  and  thermal  springs  noted •••  23 

£n^^8,  fossilsi  and  ores ;  specimens  collected;  approximately 1, 467 

Mammals,  specimens  collected..... 11 

Bods,  specimen^  coUected w^ 243 

Bodr  effgs  collected 12 

Mumnw  (alcoholic)  collected • 3 

Mammal  crania  collected 1 

Bird  crania  collected 7 

^Hs^""*"" "^ 

««*«liSS^T.;:::::;:-////;"/;/;;//;//"/;"/;";//".:v;.:-^^^^^^^^^         % 


Lizards 
Batnchians 


specimens 25 


lots 


7 


specimens 50 

Uotfl 11 

fiemiptera  coUected 1 

^>^^^^«p*«"!iISta!^  ^ 

Shells  ^  ?P®®^™®°® ^ 


lots 


3 


Fossil  leaves  specimens '72 

OFFICE-WINTER  1878-'7». 

JLstronomical  positions  computed 43 

Thangulation  stations  computed 90 

Geodetic  figures  computed 76 

Distances  computed 1,806 

Azimuths  computed 255 

LongitDdes  and  latitudes  computed «..  292 

Cistem-barometer  altitudes  computed 1,041 

Aneroid-barometer  altitudes  computed 6,983 

91ieetsand  parts  of  sheets  plotted  (1  inch  to  2  miles) 14 

Special  sheets  drawn  (various  scales) 8 

Atlas  maps  (1  inch  to  4  miles)  published 6 

Atlas  maps  (1  inch  to  4  miles)  approaching  completion  for  publication 4 

Seports  distributed 2,633 

Maps  distributed 14,906 

Sextant  latitude  stations  computed 60 

Homberof  main  triangulation  stations  computed 59 

?»iunber  of  triangles  computed 904 

Komber  of  secondary  triangulation  stations  computed J 37 

Kunber  of  points  fixed  by  cross-sights  computed 64 

Somber  of  uiree-point  stations  computed ,.. 132 
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Reports  in  course  of  publication :  Volumes  ij  VII,  and  tables  of  geographical  pos 
tious,  altitudes,  distances,  &c. 

Maps  in  course  of  preparation  for  publication : 

Topographical  atlas  sheets 2 

Land-classiiicatiou  atlas  sheets 1 

Geological  atlas  sheets.... 


Total. 


2 


Certain  of  the  above  sheets  must  await  publication  until  additions 
triangulation  and  topographical  observations  are  made;  that  coul^ 
however,  be  accomplished  in  one  season  by  a  number  of  small  parties 
specially  equipped  for  this  class  of  work,  and  for  which  funds  equal  i 
amount  to  the  present  office  estimate  ($30,000)  could  be  most  advar 
tageously  expended. 

Lieutenant  Tillman,  chief  of  party  1,  Utah  section,  also  sextant  an< 
triangulation  observer,  was  during  the  winter  in  charge  of  the  geodeti 
and  barometric  reductions,  and  in  preparation  of  his  report,  that  issul 
mitted  herewith  as  Appendix  A. 

Lieutenant  Symons,  as  chief  of  party  1,  was  engaged  in  the  field  a 
sextant  and  triangulation  observer.  He  was  assigned  to  the  charge  of  th 
Ogden  office,  that  had  been  organized  by  Lieutenant  Tillman  at  the  clos 
of  the  field  season.  He  was  thence  ordered  to  Washington,  where,  com 
pleting  his  sextant  reductions,  and  while  supervising  the  final  plottin; 
of  several  triangulation  sheets,  he  was  relieved  June  1.  His  executiv 
report  appears  herewith  as  Appendix  B. 

The  report  of  Lieutenant  Griffin,  chief  of  party  2,  Colorado  section 
appears  as  Appendix  C.  This  officer  made  both  sextant  and  triangula 
tion  observations  in  the  field,  and,  during  the  office  period  was  in  charg 
of  the  topographical  room,  and  engaged  also  in  computations  and  ii 
preparation  of  report. 

Lieutenant  Young  succeeded  Lieutenant  Symons  in  charge  of  th< 
Ogden  office.  As  chief  of  party  2,  Utah  section,  he  was  engaged  in  sex 
taut  work  in  the  field  and  in  computations  in  the  office.  His  report  ap 
pears  as  Appendix  D.  While  chief  of  party  on  Salt  Lake  survey,  hi; 
other  duties  were  that  of  triangulation  observer. 

The  office  duties  of  Lieutenant  Bimie,  until  date  of  being  relieved 
March  1,  were  in  supervision  of  reductions  of  work  of  his  parties,  botl 
for  1877  and  1878,  in  preparation  of  his  report  (see  Appendix  E),  am 
incidentally  in  computations. 

Lieutenant  Macomb  carried  on  sextant  and  triangulation  observation 
in  the  field.  His  office  duties  consisted  in  supervising  final  map  draw 
ings,  in  preparation  of  report  (see  Appendix  F),  and  in  topographical 
reductions. 

Party  2,  Utah  section,  with  Lieutenant  Ludlow  as  chief,  assisted  b^ 
Francis  Klett,  wa«  engaged  in  special  base  measuring  and  tiiangulatio] 
observations  near  Austin,  Nev.,  and  at  and  eastward  from  Fresno,  Cal 

I  desire  to  state  the  high  appreciation  in  which  the  services  of  Messrg 
Nell,  Thompson,  Maxson,  Spiller,  Carpenter,  Karl,  and  Polliemus,  fieh 
topographical  assistants,  are  held. 

ASTRONOMICAL. 

Five  main  astronomical  stations  were  occupied  during  the  1878  season 
at  or  near  the  following  locahties:  1.  Fort  Bliss,  Tex.;  2.  Fort  Bayard 
N.  Mex.  (Miles  Rock,  observer);  3.  Dalles,  Greg.;  4.  Walla  Walla 
Wash. ;  5.  Fresno,  Cal.  (John  H.  Clark,  observer). 
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iian  and  methods  of  observations  and  subsequent  computation 
same  as  have  been  in  use  upon  the  survey  almost  continuously 
3  commencement,and  are  shown  in  Vol.  U.  Observations  for  per- 
Tor  were  made  by  the  automatic  personal  equation  apparatus  de- 
y  Dr.  F.  Eampf,  late  assistant  of  the  survey,  and  perfected  at  this 

»f  the  peculiarities  of  this  astronomical  campaign  consisted  in  the 
mity  which  was  a£forded  of  sending  signals  from  Fort  Bayard, 
.,  to  Ogden,  Utah,  via  Santa  F6,  K  Mex.,  Denver,  Colo.,  and 
ne,  Wyo.,  also  via  Tucson,  Ariz.,  Fort  Yuma,  and  Sacramento, 
us  using  two  extended  circuits,  that  together  make  up  the  sides 
rge  qus^rilateral.  Thanks  are  due  to  Norvin  Green,  president 
n  Union  Telegraph  Company,  and  General  A.  J.  Myer,  Chief 
Officer,  U.  S.  A.,  the  former  for  the  free  use  of  the  wires  of  his  com- 
nd  the  latter  for  his  courtesy  in  extending,  while  the  party  was 
ield,  the  immediate  use  of  the  government  line  from  Santa  F6 
ard.  The  report  in  the  required  usual  form  of  the  results  of  the 
atiohs  by  Professor  Safford  follows  herewith. 

3P  PROF.  T.  H.  8AFF0RD.      COMPUTATIONS  OF  THE  LATITUDE  AND  LONGITUDE 

OF  FIVE  ASTRONOMICAL  STATIONS. 

have  the  honor  to  present  my  report  on  the  compntations  of  the  latitudes  and 

es  of  five  stations,  namely : 

Ua  WaUa.  Wash. 

)  Dalles,  Greg. 

Bno.  Cal. 

t  Bliss,  Tex. 

t  Bayard,  N.  Mex. 

isenrations  at  stations  1, 2, 3  were  made  by  Assistant  John  H.  Clark ;  those  at 

4, 5  by  Assistant  Miles  Rock ;  the  corresponding  time  observations  at  Ogden, 

r  myself. 

t)servations  made  at  Ogden  include  transits  taken  on  every  available  night 

;he  season,  in  order  to  make  sure  of  the  rate  and  error  of  my  chronometers. 

hts  only  were  so  cloudy  that  no  observations  were  taken,  between  the  dates 

uid  October  10. 

observations  were  all  so  far  reduced  as  to  give  approximate  clock  and  instru- 

torrections;  and  in  addition  the  following  right  ascensions  for  1878.0  of  stars 

rwise  well  determined : 


Star's  name. 


lercnlifl 
leronliB 
*yr»  ... 
iyrae  ... 

11,158 


A.  B.  1878.0. 


A.  m. 

17  45 

18  12 
18  21 
18  32 
18  38 
20  46 
22  29 


«. 

39.105 
46.084 
16.398 
8.760 
2.868 
17. 473 
56.660 


No.  of 
obs. 


12 
11 
6 
8 
9 
6 
4 


Declination. 
1878.0 


o      / 

+  29  21. 4 
18  5.1 
29  45.6 
83  22. 
32  8.5 
27  47.6 

+  19  38.8 


3w  cases  these  right  ascensions  were  not  used  in  the  reductions,  which  were 
mI  before  they  were  obtained. 

allowing  is  tile  table  of  approximate  chronomet-er-corrections,  together  with 
I  corrections  obtained  by  the  method  of  least  squares  for  the  nights  upon 
gnals  were  exchanged. 


1984 


REPORT   OP   THE   CHIEF   OF   ENGINEERS. 


All  the  obeervatdouB  of  this  campaign  were  by  the  eye  and  ear  method. 


Date. 

1 

0  s 
c  .2 

II 

Is 

^ 

1 

July  26 

17  45 

18  80 

15  52 
18    25 

16  10 

17  50 

15  50 

17  50 

16  25 
16    15 
16    20 
16    10 

18  15 
16    40 

16  80 
18    50 

17  10 

18  0 

18  0 
17      0 
17    30 
17    30 
17    30 

19  10 
17    30 
17    30 

17  30 

18  80 

17  30 
21      0 

18  0 
18    80 

20  0 
18      0 
18      0 
18      0 
18      0 

21  0 
18      0 
18      0 
21      0 

17  30 

18  30 

20  0 

18  80 

19  0 
19      0 

21  0 
19      0 
19      0 
23      0 
19      0 

22  30 

18  48 

19  0 
22    30 
19      0 
22    80 
19      0 
22    30 
19      0 
22      0 
19      0 
19      0 
19      0 

21  0 
19      0 
19      0 

22  0 
19      0 
22      0 

m.    i. 

—  0    3. 16 

8.94 
12.05 
12.59 
16.81 
17.11 
10.87 
2L83 
25.09 
29.46 
33.53 
37.42 
4L68 
45.49 
49.27 
49.72 
53.33 

—  0  56.92 

—  1    a99 

4.6L 
&26 
1L94 
15.75 
15.87 
19.14 
22.86 
34.70 
39.19 
42.77 
48.44 
47.34 
51.04 
51.  US 

—  1  59. 14 

—  2    8.02 

7.27 
1L60 
12.19 
15.75 
19.80 
20.27 
23.62 
27.49 
27.57 
31.58 
85.87 
50.83 
51.23 
54.42 
58.18 

—  2  58.98 
~  3    1.99 

2.43 
4.87 
2.28 

—  3    2.24 

—  2  59.80 

50.55 
57.58 
57.83 
56.01 
55.99 
54.55 
53.28 
51.73 
50.56 
48.02 
46.07 
45.90 
44.16 

—  2  44.04 

k. 

m.     «. 

26 

27 

28 

29 

80 

•••••••••• 

81 

Auir.  1 

^  i:::;:;:::::::::!:;::::"":. ."!:::. 

3 

4 

5 

0 

7 



8 

9 

11 

18.3 

—  1  1&  818 

14 

17 

18 

19.25 

—  143.126 

20 

21 

19.25 

—  1  5L1M 

23 

24 

25 

19.5 

—  21L905 

28 

19.5 

—  2  20.041 

29 

• 

Seot  1 

20.0 

—  2  5L014 

V* •••••••••••••••••••••••••• ••••••••| 

7 

2L0 

—  2  68.570 

8 

20.75 

—  3    2.165 

9 

20.75 

—  3    2.270 

20.75 

—  2  59.6(8 

20.75 

—  2  57.446 

20.5 

—  2  55.990 

15 

■ 

17 

2L9 

—  2  50. 591 

19 

20 

20.5 

—  2  45.964 

21 , 

20.5 

—  2  44.100 

1.3 


*  In  this,  the  least  square  ledaotion,  the  formula  for  weight  used  was  w  =■  1  .l  o  3  aec  »  J     ^ 

pp.  343  to  347  of  the  quarto  reports  of  this  surrey. 
tMr.  Wallace  dropped  the  cnronometer,  hence  this  change  of  rate. 
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• 

Date. 

1 

Prelim  inar>' 
corrections'. 

Final  correc* 
tions. 

1 

1 

Sent.  22.-., 

h.    m. 

19  0 
22    24 
22      0 

20  0 
19      0 

19  30 

22  48 

20  0 

23  0 

19  30 

20  0 
0      0 

20      0 
23    12 
20    30 
20      0 
23    30 

19  30 

20  0 
23      0 
20    30 
23      0 
20    30 
23      0 
20    48 
23    12 
20    36 
23    12 

m.      8. 

—  2  42.  54 

42.31 
40.37 
3a  79 
36.78 
34.98 
34.65 
33.65 
33.54 
31  99 
2a  42 

aaoo 

26.65 
26.35 
24.74 
22.46 
22.27 
20. 52 
ia56 

ia3i 

16.77 
16.  66 
15.  32 
15.23 
13.84 
13.66 
10.84 

—  2  10  67 

A. 

20.7 

m.     i. 
—  2  42. 424 

8. 

+  0.076 

23 

24 

K 

28 

2L15 

~  2  34. 814 

+  0.060 

27 

2L5 

~  2  33.603 

+  6.062 

28     

30 

22.0 

—  2  28. 249 

+  0.071 

Oct    1 

2L85 

—  2  26.502 

+  0.072 

9 

3.!!!I! !  11*  *irm... '!"!."!.  !.-'--*. 

21.75 

—  2  22. 374 

+  0.002 

4 

5 

2L50 

~  2  18. 440 

+  0.076 

6 

2L75 

—  2  16. 720 

+  0.066 

7 

21.75 

—  2  15. 278 

+  0.062 

8 

22.0 

—  2  13. 763 

+  0.063 

10 

21.9 

—  2  10. 762 

+  0.063 

In  the  calculation  of  these  chronometer  corrections,  the  star-catalogues  used  were 
the  Grerman  ephemerides  of  539  stars,  the  American  Ephemeris,  and  the  Survey  Cata- 
logue of  2,018  stars.  The  chronometer  corrections  need  to  he  increased  hy  ahout  0".01 
to  correspond  to  the  revised  German  ephemerides,  published  in  1878  or  1879.  after  my 
return  £rom  the  field;  this  revision  was  employed  in  the  reduction  of  Mr.  Clark's  and 
Mi.  Rock's  observations. 

Observations  for  personal  equations  with  Mr.  Clark  were  made  at  O^den,  which 
liere  follow;  the  bracketed  chronometer  corrections  (dt-\-m)  are  those  given  by  the 
polar  stars.  The  difference  is  almost  exactly  zero,  and  has  been  neglected,  as  Mr. 
Clark  observed  with  a  different  instrument  from  his  own. 


Ohservaiion9  for  personal  equation, — J.  H,  Clarlc  and  T,  H.  Safford. 
October  19,  1878.    First  group.    Clamp  East. 


Star's  name. 


T. 


7   Cjjnii 

ilCygni 

•  Delphini 

0  Dflpbini . . . 
i  Delphini... 

«  Cvpii   

Pikzxi  XX  358 
32  Vnlpeculae 

Br.2749    

«lCvKnl 

i  CVjrni 


21 
21 


h.    tn. 

20  19 
26 
29 
33 
39 
43 
48 
51 

20    54 


3 
9 


8. 

42.83 
16.79 
15.78 
42.  20 
3a  48 
a  66 
9.98 
14.  20 
52.18 
18.  24 
37.10 


n  tan  J. 


8. 

—0.28 
—0.21 
—0.07 
—0.09 
—0.09 
—0.23 
—0.18 
—0.18 
—1.95 
-0.27 
—0.19 


c  Bee  6. 


8. 
+0.26 
+  0.24 
+0.  20 
+  0.21 
+  0.21 
+  0.24 
+  0.23 
+0.23 
+  1.16 
+  0.25 
+  0.23 


T'. 


A.R. 


8. 

42.81 
16.  82 
15.  91 
42.32 
38.60 

a  67 
10.03 
14.  25 
51.  .39 
18.  22 
37.14 


8. 

53.21 
27.28 
26.18 
52.75 
4a  89 
19.17 
30.32 
24.52 

1.78 
28.  65 
47.59 


d«  +  ?»  +  2". 


C. 

e. 

+  10.40 

10.27 

10.29 

%10. 29 

[10.  39] 

10.45 


S. 


8. 

+10.46 
10.43 
10.50 
10.27 
10.43 


125  E 
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Ohservatiana  for  personal  equations, — J,  H,  Clark  and  T,  H,  Safford. 
October  19,  1878.    Second  group.    Clamp  east. 


Star's  name. 


T. 


20    Cephei 

w*    Pegasi 

Piazzi  XXn.  32 
1  Lacertte .... 
31  PeffMi..-.. 
PiazziXXlLllS 

39    Pegasi 

Piaz2iXXIL158 

10    LacerUB 

i|     Pegasi 

A     Pegasi 

w     Cephei 

130  Heis  Pegasi 

r      Pegasi 

V     Pegasi , 

70    Pegasi 

72    Pegasi 

153  Heis  Pegasi 
7     Cephei 


h. 
22 


23 


m. 

3 

6 

9 
12 
17 
24 
28 
31 
35 
39 
42 

5 
11 
16 
21 
24 
29 
32 
36 


8. 
10.5] 
27.06 
56.29 
31.86 
24.06 
4.10 
35.01 
49.30 
40.19 
10.16 
32.61 
54.62 
50.53 
29.27 
10.86 
52.56 
47.46 
21.00 
15.68 


n  tan  8. 


c  sec  8. 


T'. 


8. 
—0.38 
—0.12 
—0.10 
—0.14 
—0.04 
—0.12 
-0.07 
-0.07 
-0.15 
—0.11 
-0.08 
-0.70 
—0.09 
—0.08 
—0.08 
—0.04 
—0.11 
-0.12 
—0.82 


8. 

+0.43 
-fO.24 
-fO.23 
+0.25 
+0.20 
+0.23 
+  0.21 
+0.21 
+0.26 
+0.23 
+0.22 
+  0.76 
+0.22 
+0.22 
+0.22 
+0.20 
+0.23 
).24 
-0.89 


n 


8. 

10.58 
27.18 
56.42 
31.97 
24.22 

4.21 
35.15 
49.44 
40.30 

0.28 
32.75 
54.68 
50.66 
29.41 
11.00 
52.72 
47.58 
21.12 
15.75 


A.R. 


». 

20.68 
37.57 

6.76 
42.43 
34.53 
14.48 
45.50 

0.40 
50.84 
20.74 
43.05 

5.34 

L05 
39.96 
21.49 

3.21 
58.18 
31.63 
26.58 


ctt  +  m  +  2». 


C. 

S. 

». 

8. 

10.10 

10.39 

10.34 

10.46 

10.31 

10.27 

10.35 

10.96 

10.54 

10.46 

10.30 

[10. 66] 

10.39 

10.55 

10.49 

10.49 

10.60 

10.51 

[10.  831 

October  20,  1878.    First  group.    Clamp  west. 


Star*H  name. 


A  Cephei . . . . 

39  Cygiii 

41  Cypi 

€  Delphini  .. 

0  Delphini  . . 
i  Delphini  .. 

e  Cycni 

PiazziXX.  358 

32  Vulpeculflo 

61  Cygnipr.. 

{  Cygni 

V  Cypni 

1  Pegasi 

7444 

70    Cygni.!.".! 
Or.  3511 


h. 
20 


21 


T. 


fn. 
14 
20 
26 
29 
33 
39 
43 
48 
51 
3 
9 
14 
18 
20 
24 
30 


8. 

44.16 
49.38 
14.83 
13.92 
40.51 

saso 

6.93 
7.95 
12.26 
16.35 
85.11 
44.62 
17.47 
59.82 
13.41 
11.09 


n  tan  8, 


8. 

-1.07 
-0.15 
-0.14 
-0.05 
-0.06 
-0.06 
0.16 
-0.11 
-0.11 
-0.19 
-0.14 
-0.16 
-0.08 
-0.12 
-0.18 
-1.36 


e  sec  5. 


8. 

-0.91 
-0.24 
-0.23 
-0.20 
-0.21 
-0.21 
-0.24 
-0.22 
-0.  22 
-0.25 
-0.23 
-0.24 
-0.21 
-0.22 
-0.  25 
-1.15 


T'. 


8. 
42.18 
48.99 
14.46 
13.67 
40.24 
36.29 

6.53 

7.62 
11.93 
15.91 
34.74 
44.22 
17.18 
59.48 
12.  98 

&58 


A.K. 


». 

55.33 
1.85 
27.30 
26.17 
52.74 
48.88 
19.15 
20.34 
24.51 
28.63 
47.58 
57. 05 
29.88 
12.09 
25.88 
21.08 


de  +  w+2". 


S. 


[13. 15]  I 
12.84 
12.50 
12.62 
12.58 
12.84 
12.70 
12L90 


C. 


». 

12.86 
12.50 
12.59 
12.72 
12.72 
12.83 
12.61 
[12.  501 


October  20,  1878.    Second  group.    Clamp  west. 


Star's  name. 

T. 

n  tan  6. 

c  sec  8. 

T'. 

A.  R 

de+ni 

+  2-. 

1 

8. 

-0.24 
--0.23 
-0.25 
-^0.20 
—0.21 
-0.21 
-0.26 
-0.23 
-0.22 
-0.48 
—0.  23 
-0.22 
-0.76 
-0. 22 

«. 

24.  .">3 
53.78 
29.60 
21.  73 
32.56 
47.38 
37.53 

7.62 
30.06 
11.03 
42.  49 

1.07 
51.98 
47.91 

8. 

37.56 

6.77 

42.45 

34.52 

45.  51 

0.41 

50.83 

20.73 

43.10 

23.84 

5.5.  .52 

14.21 

5.29 

1.06 

S. 

C. 

w*    Pefimsi 

h.    m.      8. 

22      6    24.92 
9    54.14 
12    30.03 
17    21.98 
28    32.86 
31    47.68 
35    37.98 
39      7.99 
42    30.38 
47    12.04 

8. 

-0.15 
-0. 13 
-0.18 
-0.  05 
-0.09 
-0.09 
-0.19 
-0.14 
—0.10 
-0.53 
-0. 12 
—0.11 
—0.88 
-0.11 

8. 

13.03 

12.85 

12.95 
13.03 

13.11 

[12.81] 

13.14 

13. 15 

8. 

PiazziXXII.32 

1      Ijacerta^ 

12.99 

31    PogRsi « 

39    Pepasi 

PlazziXXIL158 

10    Lacertaj 

If      Pegasi 

12. 79 
13.30 

A      Pegasi 

13  04 

t      Cephei 

p     Pegasi 

56    Pegasi 

59    42.84 
23      3      1. 40 

113.03 

w     Cenhei ............. 

5    53.02 
11    48.24 

[13.31] 

130  Heis  Pejiasi 

The  chronometer  used  wan  Negus  1481 :  the  transit  instrument,  WUrdemann  31;  it« 
line-intervals  from  the  center,  3'.538n,  where  n  is  a  whole  number  less  than  15.  The 
lines  wero  ruled  on  glass,  25  in  number,  in  5  groups ;  I  could  detect  no  deviation  from 
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tj  in  them,  and  always  employed  symmetrical  lines.  The  value  of  one  level 
used  was  r'.O;  later  Mr.  Rock  found  (y'.QTT. 

eraonal  emiation  with  Mr.  Bock  was  determined  by  means  of  a  personal  eana- 
»aratns.  It«  value  will  be  found  in  the  report  on  the  longitude  of  Fort  Bliss. 
9  was  neglected ;  it  was  too  uncertain. 

dculations  of  latitude  for  the  different  stations  were  made  with  the  help  of  the 
le  of  2,018  stars.  Stars  outside  of  its  range  were  taken  from  the  American 
ris  as  now  corrected  ;  that  is,  applying  to  the  apparent  places  of  the  vohime 
the  corrections  ^ven  in  that  for  1881 ;  or  from  the  German  catalogue  of  539 
Ing  the  last  revision  of  its  places ;  when  a  star  occurs  in  both  these  catalogues, 
was  taken. 

her  stars  the  most  modem  authorities  were  reduced,  after  the  manner  of  the 
le  of  2,018  stars.  In  a  very  few  cases  no  accurate  place  of  the  star  could  be 
this  refers  chiefly  to  such  stars  in  the  new  Coast  Survey  rough-working  list  as 
been  observed  of  late  years,  and  had  been  excluded  from  the  catalogue  of 
TS  for  that  reason. 

ever  the  result  of  all  the  observations  upon  a  pair  or  combination  of  stars 
iiscrepant,  the  declinations  were  thoroughly  revised.  No  coiToction  was  found 
ray  to  the  catalogue  of  2,018  stars;  in  some  cases  new  observations  have  been 
iblished,  but  no  star  was  found  to  need  any  correction  which  could  sensibly 
e  results. 

>mbinations  of  more  than  two  stars  gave  some  trouble.  In  one  case  there  are 
rth  stars  and  four  south,  which  woiud  give  twelve  i)air8,  but  with  a  weight. of 

)f  only.    In  this  and  all  similar  cases  I  treated  the  whole  combination  as  one 

at  is,  I  inserted  in  the  blank  provided  the  half  sum  of  the  meau  of  the  declina- 
north  stars,  and  of  the  mean  of  the  declinations  of  south  stars,  and  gave  the 
higher  weight.  This  is  the  only  logical  method.  Of  course  in  all  these  cases 
ains  to  see  that  the  micrometer  reamngs  were  such  as  agreed  with  the  known 
jes  of  declinations  of  the  stars^  before  taking  the  means, 
dtes  upon  the  stations  were  prepared  by  the  observers, 
remain,  sir,  very  respectfully,  yours, 

T.  H.  SAFFORD. 
6.  M:  Wheeler, 
ftiUd  8tat€8  Engineers,  in  charge. 
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.       ASTROXOMICAL  STATION  AT  WALLA  WALLA,    WASH.   TER.,  1878. 

GEOGRAPHICAL  POSITION. 

Latitude  46^  3'  55.  "89. 
Longitude 


Barometric  altitude  of  observatory  above  sea  level  (monument),  1,033.5  feet. 

In  reducing  the  observations  for  time  made  at  Walla  Walla  discrepancies  were  found 
which  could  not  be  explained  for  lack  of  time.  The  discussion  of  the  longitude  ia  hew 
omitted. 

The  pier,  of  cemented  brick,  from  which  the  observations  were  made  for  the  aatro- 
nomical  determination  of  this  station,  is  situated  in  block  No.  9,  known  as  jail-squarv, 
57  feet  from  the  center  of  Fifth  street,  and  211  feet  in  a  straight  line  to  a  street  monu- 
ment in  the  center  of  Main  and  Fifth  streets  (see  plate  herewith).  The  location  was 
objectionable  ou  account  of  dust,  smoke,  jar  and  noise,  but  was  unavoidable,  there 
being  no  other  place  where  the  pier  would  probably  be  protected,  and  at  the  same 
time  afford  the  necessary  telegraphic  facilities. 

In  erecting  the  pier  the  magnetic  needle,  variation  20^^  east,  waa  used ;  the  transit, 
however,  8howe<l  it  to  be  largely  out  of  the  prime  vertical.  The  unreliability  of  the 
needle  in  this  instance  is  due,  doubtless,  to  the  components  of  the  soil,  which  is  here 
constituted  largely  of  bowlders  charged  with  magnetic  iron. 

WALLA  WALLA  AND  ITS  SURROUNDINGS. 

Wallula  is  a  clear,  rapid  creek  heading  in  the  Blue  Mountains  and  running  westward 
to  the  Columbia  River.  In  a  dish-shaped  valley  and  some  30  miles  from  the  mountain 
lies  Walla  Walla,  ou  both  sides  of  the  creek.  Its  population  is  some  3,000.  It  ia  a 
place  of  large  business  in  all  branches  of  trade,  and  is  the  objective  point  for  the  tor- 
rent of  emigration  at  present  hea<ling  for  the  Pelouse  County. 

By  irrigation  the  soil  gives  evidence  of  great  fertility,  producing  not  only  small 
grain  but  the  best  of  all  sorts  of  vegetables  and  the  finest  com,  probably,  west  of  tho 
Mississippi  Valley.  Fruit  is  also  in  abundance,  of  fine  quality,  not  only  apples,  pears, 
and  the  like,  but  also  grapes.  The  city  is  regularly  laid  out,  and  both  as  to  extent  of 
squares  and  ornamentation  is  not  unlike  the  best  settlements  of  Mormondom.  The 
streets  are  planted  with  Lombardy  poplars,  which  have  made  a  rapid  growth  and  con- 
tribute much  both  to  the  appearance  and  the  comfort  of  the  place.  They  have  been  irri- 
gated up  to  the  present  time,  but  it  is  believed  that  they  will  eventually  root  deeply 
enough  in  the  loose  soil  to  secure  sufficient  moisture. 

METEOROLOGICAL  CONDITIONS. 

Three  weeks  were  occupied  in  the  determination,  in  latitude  and  longitude,  of  this 
station,  from  August  8  to  August  29.  There  were  many  electrical  phenomena  and 
some  clouds  to  occasion  delay,  out  there  was  no  rain,  nor  had  there  been  any  to  bleas 
this  land  of  dust  since  the  March  previous. 

Observations  were  matle  August  10,  12,  13, 14, 16,  18, 19,  24,  and  25.  The  15th,  17th, 
20th,  21st,  22d,  and  23d  were  cloudy — a  week  out  of  three,  yet  no  rain.  The  night  of 
August  22,  while  loitering  at  the  observatory  tent,  waiting  for  tho  clouds  to  diapene. 
a  "  Chinook"  was  felt,  but  it  was  of  brief  duration.  The  "chinook"  is  a  hot  wind 
that  comes  from  the  sea ;  it  is  common  in  winter,  and  is  particularly  remarkable  for 
the  rapidity  of  its  softening  action  upon  the  snow  and  the  frost-locked  land. 

TELEGRAPHIC  COMMUNICATION. 

The  connection  was  made  with  the  Ogden  Observatory  by  way  of  Boise  City  and 
Winnemucca.  That  portion  of  the  line  between  Walla  Walla  and  Winnemucca  w»a 
in  charge  of  Professor  Speed,  it  having  been  but  recently  put  in  order  for  military  p^iT' 
poses.  It  was  a  perpetual  source  of  delay  and  worry ;  men  had  to  be  kept  out  con- 
stantly looking  after  it.  The  poles  were  rotten  ana  gave  way  daily  from  one  cans* 
or  another  and  the  wire  was  seldom  or  never  working  12  hours  consecutively. 

Length  of  circuit  about  989  miles. 

METHOD  OF  OBSERVATION. 

Observations  were  made  with  eye  and  ear,  Mr.  G.  M.  Dunn  recording,  and  giving 
other  efficient  service  in  addition  to  his  meteorological  observations.  The  chronom^ 
ter  for  exchange  of  signals  was  taken  to  the  telegraphic  office,  distant  some  three 
squares. 

INSTRUMENTS. 

Z.  M.  (Wlirdomann,  No.  16).  This  instrument  is  old  and  much  worn,  and  if  at  i^ 
best  would  be  too  small  for  latitude  work  in  the  atmosphere  of  Walla  Walla. 

Chronometer  Negus  No.  1511  was  used  and  had  a  very  fair  rate,  despite  the  necea** 
rily  rough  usage  it  received  in  the  stage  trip  from  Redding  to  Uoseburg. 
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Wire-iniervaU  (Lamp  east), 

1-3,  43.61 

2-3,  21.87 

3-4,  21.29 

3-5,  43.53 

e  dinsion  of  striding- level l."14 

B  division  of  zenith  telescope-level l/'44 

One  revolution  of  micrometer : 

omed^  including  refraction  .,.. 81/'00 

lectcd  after  discussion  by 0."1215* 

80/'8785 
(tract  refraction 0/'025 

ftl  value 80.  "85      nearly, 

* — 0."09  for  every  minute. 


Ill  place  of 

stars 

for  1878. 

0  used  for 

the  determination  of  latitude  of 

Walla  1 

Walla,  Wash. 

of     No. 
r.  B.  A.  C. 

Class. 

Tw 

.A. 

Declination.  1 

1 

;No.of 

pair. 

No. 
B,  A.  C. 

Class. 

K 

.A. 

Declination. 

• 

h. 

m. 

9. 

o 

/ 

n 

1 

h. 

m. 

8. 

o 

/ 

it 

5840 

A 

17 

11 

30 

03 

0 

49.7 

6748 
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57 

54 

41 

15.8 

(') 

C 

17 

14 

0 

28 

57 

4.9 
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A 

19 

39 

53 

37 

3 

37.7 
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B 

17 

17 

43 

40 

5 

42.5 

6780 

C 

19 

40 

52 

57 

43 
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5937 

A  A 

17 

27 

41  1  52 

23 

32.5 

1 
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B 

19 

41 

19 

34 

42 

59.2 
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A 

17 

32 

27 

68 

12 

45.0 
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AA 

19 

41 

10 

44 

50 

L5 

6005 

A 

17 

38 

21 

24 

22 

55.4 

6799 

C 

19 

43 

53 

47 

30 

24.0 

5975 

B 

17 

33 

26 

48 

39 
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6810 

A 

19 

45 

49 

22 

18 

3.7 

6013 

C 

17 

39 

29 

44 

8 

ia3 

6836 

AA 

19 

48 

35 

09 

57 

25.7 

(*) 

C 

17 

48 

38 

46 

40 

32.7  : 

6879 

A 

19 

56 

5 

27 

25 

2.9 

^t^ 

C 

17 

53 

13     45 

22 

2.2 

6905 

A 

20 

0 

U 

64 

28 

40.0 

{*) 

C 

17 

55 

23 

45 

29 

8.3 
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^ 

17 

56 

27 

45 

30 
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C 

A 

20 
20 

3 
9 
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14 
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28 
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19 
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C 
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c 

18 
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49 

6 
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15 
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54 
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21 
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Ohservatlons  and  comjmiallons  for  latitude,  Walla  Wallaj  Jrash. 


Date. 


Anguat  13, 1878. 


August  14, 1878. 


Auguatn,  1878. 


is 


^A 


6551 
6581 

6629 
6648 

(") 
6722 

6748 
6771 

6810 
6836 

6930 
6957 

5840 
i}) 

5874 
5937 

5975 
6013 

C) 

(«) 

(*) 

6109 

6162 
(•) 

6391 
6419 
6452 

6.551 
6581 

6629 
6648 

6681 
6698 

6748 
6771 

6779 
6799 

6879 
6905 

6930 
6957 

6990 
70.15 
7055 

7098 
7152 

6551 
6581 


Level. 


^ 


N.   S. 


5.595 


9 


5.200  j  22 

14.005  17 
3.545  I  13 


&415 
7.530 

*- 1.115 
16.980 
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19 
13 

20 

12 

14 
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20 

17 


18 
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15 

20 
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20 
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17 
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16 
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6648  I        9.  065  •  19         2U 
•Should  bo  0.115. 
There  is  a  manifest  error  in  tho  level  reading.    I  have  coiOocturod  25  10 


40  U  17. 8   —  7  22. 8  ;     H  0. 4  ; 


46  3 


for  6799  S. 


»  Sd.  714. 


»  Sd.  754. 


•  Sd.  779. 


"  Sd.  812. 


to  be  the  i^ropor  nun 
"Sd.956. 
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vaiio)i8  and  computations  for  lutitudey  Walla  Walla,  Wash,  Ter, — ContinaecL 


te. 

O 

s 

Level. 

Half  sum  of 
declination. 

Corrections. 

Latitude. 

N. 

S. 

Micr.  and 
reft-. 

Level. 
// 

Mend. 

O       1       n 

»      // 

Of         II 

1878 

6681 
6698 

9.478 
16.080 

22 
17.5 

17 
22 

45  59  30.  0 

+  4  27.4 

+0.2 

46  3  57. 6 

6748 
6771 

7.900 
24.620 

24 
14 

15 
25 

45  52  39.  5 

+11  17. 2 

-0.7 

3  56.0 

6810 
6836 

11.  558 
17.560 

15 
24 

24 
15 

46    7  56.9 

-  4    3.1 

0.0 

3  53.8 

6879 
6905 

20.230 
10. 105 

13.5 
30 

25 
7 

45  57    7.  3 

-f  6  50. 1 

+4.1 

61.5 

878 

5972 
6005 

24. 335 
3.475 

22 
14 

15 
22 

46  17  57.  5 

~-\i    4.8 

-0.4 

3  52.3 

6109 

18(?).  2,55 
10(?).  660 

18 
18 

18 
18.5 

46    5  39.  5 

-  1  45. 1 

-0.2 

3  54.2 

6162 
(») 

5.215 
25(?).  725 

16.5 
19 

20 
18 

46  17    3. 2 

-13  10. 2 

-0.9 

3  52.1 

6252 

15.860 
17.  525 

21.  5 
15.5 

16 
21.5 

46    2  13.  5 

+  1    7.4 

—0.2 

3  [20.7] 

(10) 

6391 
6390 
&»19 
6452 

6493 
6530 

21.  710 

8.060 

5.475 

17.690 

15.950 

3.  515 
24.620 

46    7  2L  0 
46  18    7. 1 

-  3  25. 4 
-14  14. 8 

+0.4 
-0.2 

3  50.0 



15.5 
22 

21.5 
15 

15 
22 

22 
15.5 

3  52.1 

6551 
6581 

12.  3.50 
11.  320 

19.5 
19 

18 
18.5 

46    4  3a  0 

-  0  41. 7 

-+0.7 

3  55.0 

6629 
6648 

18.  320 
7.440 

23.5 
14 

14 
23.5 

46  11  18. 1 

-  7  20. 6 

0.0 

3  57.5 

6681 
6698 

8.  275 
14. 825 

19 
19 

18.5 
18 

45  59  30. 2 

■i-  4  25.  3 

+0.5 

3  56.0 

6722 

11.750 
10.070 

21 

18 

17 
19 

46    4  38.  3 

-  0  43. 7 

+1.1 

3  55.7 

6748 
6771 

4.0.50 
21.  270 

21 
17 

16.5 
20 

45  52  39.  8 

+11  13. 1 

4-0.5 

353.4 

6780 
6777 

6810 
6836 

12. 170 
26.340 

15.620 
21.  610 

48  13  29.  5    -  9  33.  9 

+0.5 
+  1.3 

3  56.1 

1 "».  5 

"4 
.4 

46    7  57. 1 

-  4    2.6 

3  55.8 

6879 
6905 

21.  9G5 
11.830 

16 
21 

21 
17 

45  57    7.  6    -f-  6  50.  5 

-0.4 

3  57.7 

6930 
6957 

12.  380 
23.  870 

20 
18 

18 
20 

45  56  12. 1 

+  7  45.  3 

0.0 

3  57.4 

6990 
70H5 
7055 

7098 
7152 

21. 138 
12.705 
12.  SSo 

26. 475 
10.060 

l.'>.  5 
24 

22 
14 

45  58  20.  7 

46  15    0.2 

+  5  37.  9 
-11    4.8 

+1.3 
+0.4 

3  59.0 

21 

18 

18 
20 

3  55.8 

7166 
7213 

0.  ft55 
23.370 

22 
16 

16.5 
22 

45  48  48. 4 

+  15  10.6 

-0.2 

3  58.8 

7297 
7332 

4. 245 

26.430 

17 
20,5 

21 

18 

46  17  33.  3 

-13  37. 5 

-0.5 

3  55.3 

7401 
7402 

7.905 
19.  025 

22 
17 

16.  5 
21.5 

45  56  27.  0 

i 

+  7  30. 4 

-\:0.  4 

46  3  57. 8 

\ 
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REPORT  OF  THE  CHIEF  OF  ENGINEERS. 


Ohscrvations  and  computations  for  Jatiiudey  Walla  Wallay  Wash,  Ter, — Continaed. 


Date. 


August  18, 1878. 


August  20, 1S78. 


August  21, 1878. 


o 


^ 


7483 
7489 
7621 

7555 
7566 

7614 
7637 

7696 
7698 

7721 
7731 

7746 
7770 

(10) 

6391 
6390 
6419 
6452 

6990 
7035 
7055 

7098 
7152 

7297 
7332 

7401 
7462 

7483 
7489 
7521 

7555 

7566 

(") 

7614 
7637 

7696 
7698 
7721 
7731 

7746 
7770 

7098 
7152 

7166 
7213 

7297 
7332 

7401 
7462 

7483 
7489 
7521 

7555 
7566 


(4 

9     • 

11 


» 


Level. 


N. 


21. 700 

6.575 

14.328 

16. 785 
20. 295 

9.720 
21.505 

5. 830 
6.105 

19. 120 
18.955 

31.  015 
11.250 

24. 130 
10.  440 
7.880 
20.020 
18.385 

18.  090 
9.660 
9.895 

20.978 
4.525 

3.465 
23.745 

7.635 

ia7io 

22.710 

7.580 

15.380 

12.970 
16. 470 
15. 550 

7.390 
19.323 

5.145 

7.380 

19.440 

19. 320 

22.940 
2.990 

23.425 
7.105 

2.385 
24.903 

3.715 
23.985 

8.035 
19. 115 

23.400 

8.290 

16.045 

15.  3.55 
18.875 


21 
18.5 

22 

18 

18 
19.5 


18 
20 

16.5 
20 

20 
19.5 


o  a 

ae  a 


O         I        It 

46    3  47. 5 


46    1  33. 8 


Corrections. 


""^fiT"  ^-^ 


+  0    7.7 


+  2  22.2 


46  11  55. 1  !—  7  57.  3 


18 
22 


21 
16.5 


45  54  15.  8 


// 


-f  9  38.  7 


45  55  55.4  1+  7  59.9 

46  17  23.8   -13  20.5 
46    7  21.4  L  3  24  6 


I I 

16. 5     20 


21 


15 
24 


21.5 
16 

16.5 
22 

21 

18 


23 
15 

24.5 

"ii""* 

16.5 
23 


20.5 
18 

22.5 
11 

22.5 
11 

15.5 
21 

23 
15.5 


21.5 
15.5 

21 
14 


16 


22.5 
14 


+0.5 


4-1.3 


—0.7 


+0.1 


+0.1 


+0.9 


+  0.5 


Merid. 


45  58  21.3  1+  5  38.7  ,     +0.9 


16.5 
21.5 

21.5 
16 

17.5 
20 


16 
23 

14 

'24.' 5' 

22 
15.5 


18. 
18.5 

16.5 
28 

16.5 
28 

24 
18 

17 
24 


18 
24 

18 
25.3 


46  15    0.8   -11    6.3 


46  17  33.  9 

45  56  27. 6 

46  3  48. 1 

46    1  53.  9 

46  11  55.  8 

45  54  16.  5 
45  55  56.1 


46  17  24. 4   -13  28. 0 


-13  41.3 
+  7  2a5 
+  0    9.5 

+  2    3. 1 

—  8    3.3 

-+  9  38.9 
+  8    3.6 


-0.2 


-4-0.4 


+0.5 


-0.4 


46  15  1. 1 

45  48  49. 3 

46  17  34. 3 

45  56  28.  0 

46  3  48. 4 

46    1  34. 8 


-11  1.0 
+15  12. 0 
-13  40. 9 
+  7  28. 7 
+-  0    8.1 

+  2  22.6 


0.0 

+0.7 

+0.5 

+0.5 

+0.4 

-4.0 

-4.0 

-2.0 

-0.9 

-1.8 

-3.1 

••••«< 


Latitude. 


o   /       // 
46  3  55.7 


3  57.3 


3  57.1 


3  54.6 


3  55.4 


64.2 


3  57.3 


60.9 

3  54.3 
3  53.0 
3  56l6 
3  57.2 

3  57.0 

3  53.2 

3  55.9 
60.2 

3  56.8 

3  56.1 

3  57.3 

3  51.4 

3  55.8 

3  54.7 

46  3  54.3 
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radons  and  computatiana  far  laHtude^  Walla  Walla,  Wash,  Ter, — Coutinued. 


•ate. 


1878. 


,1878. 


7614 
7637 

7696 
7698 
7721 
7731 

5874 
5937 

5972 
6U05 

C) 

(») 

{*) 

6109 

6162 
(*) 

6218 
6258 

C) 
(») 

(10) 

6390 
6391 
6419 
6452 

6780 
6777 

6810 
6836 

6879 
6905 

6930 
G957 

6990 
7035 
7055 

7098 
7152 

7166 
7213 

7297 
7332 

7401 
7462 

7483 
7489 
7521 

7555 
7566 

7614 
7637 

7698 

7721 
7731 


o  ho 

I' 


12.225 
24.025 

9.810 
12.175 
24. 170 
24.000 

4.050 
20. 195 

27.630 
6.760 

18.  355 

OO    OAK 

16.750 
15.690 

11.355 
28.  920 

15.  415 
15.830 

22.160 
5.813 

22.220 

8.530 

5.975 

18.268 

16.640 

8.825 
23.170 

9.130 
16.250 

21.  240 
16.260 

12.828 
24.200 

24.715 
16.455 
69.690 

25.  010 
9.455 

6.115 
28. 413 

5.670 
26.013 

9.480 
20.455 

24.173 

9.050 

16.640 

15.790 
19. 170 

9.620 
21.635 

11.490 
23.358 
23.200 


LeveL 


N. 


18 
16.5 


22 


a 


21 
23 


18 


Corrections. 


Latitude. 


O       I        II 

46  11  56.1 


Micr.  and 
refr. 


/       II 
-  7  57. 9 


45  54  16. 8  i-l-  9  41. 6 
45  55  56. 4  -f  7  58. 9 


12.5  19  46  14  45.7  i-lO  53.9 
46  17  58.1  -14  0.2 
46    4    1.8-0    0.2 


24 

19 
15.5 

8 

13 

17 

16 
6 

17 

21 

12 

15.5 
20.5 

18 
12.5 

14 
21.5 

19 
12.5 

14.5 
24 


19 
10.5 


46  17    4.1    -13  12.4 

I 

I 
46    4    &  8   -  0  16. 8 

45  52  54.  7  +11    2.  0 

I 

40    7  22.0   -  3  31.1 


24 

11 

15 
25 

20 
11 

13.5 
26 

22 
9 

19 
21 

16.5 
14 

14.5 
25 

20.5 
15 

21 
19 

15 
15.5 

18 
22.5 

18 
13 

16 
24 

20 
12 

20.5 
19.5 

15 
16 

20 
20.5 

16 
15 

24 
16.5 

12 
19.5 

18 
24 

18 
12.5 

21 
20 

15 
16.5 

46  13  30.8  —  9  41.0 
46  7  58.3  -  4  7.9 
45  57  a  8  -f  6  44. 2 
45  56  13.4   -f  7  40.6 

45  58  22. 2    +  5  29. 8 

46  15    1.7    -11  10.5 

45  48  50.1  '  +  15    3.1 

i 

46  17  34.9   -13  43.9 

45  56  28. 6   +7  24. 5 


46    3  49. 1 


+  0    1.2 


46    1  35. 4  +  2  16. 9 

I 

46  11  56. 7    -  8  6. 6 

45  55  54. 1     +7  57. 5 


LeveL 


II 
-3.4 

[-3.2] 
[-3. 2  J 

+4.1 

+1.6 

+2.9 


+2.0 


+1.4 


+3.2 


[+3. 0] 


Merid. 


[+3.  0] 


+3.2 


+3.1 


+3.4 


+1.4 


+3.4 


+3.4 


+2.9 


+3.2 


+3.4 


+3.2 


+4.1 


+3.4 


O     I     n 

46  3  54.8 

3  55.2 
3  52.1 


3  55.9 


3  53.5 


3  55.5 


3  53.7 


3  53.4 


3  59.9 


3  53.9 


3  52.8 


3  53.6 


3  56.1 


3  57.4 


3  53.4 


3  54.6 


3  56.6 


3  53.9 


3  56.3 


3  53.7 


3  55.5 


3  54.2 


46  3  55.0 
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REPORT  OF  THE  CHIEF  OF  ENGINEERS. 


Observations  and  computations  for  laiitudCf  Walla  WallUy  Wash,  Ter. — Coutiuued. 


Date. 


Angust  23, 1878. 
August  24, 1878. 


o 


7746 
7770 

6218 
6248 
6258 

D 

(") 

6316 

(IS) 

(») 

(10) 

0391  I 
6390  I 
6419 

6452  ' 

I 

(")    j 
6493  ! 

('*)    ! 
6530 

65.-.1 
6581 

6629 
6648 

6681 
6098 

(") 
6722 

6748 
6771 

6780 
6777 

6810 
0836 

6879 
6905 

0930  I 
0U57 

6990 
7035  I 

7055  : 

I 
7098 
7152 

7166  i 
7213 


■^^    90 

c  bfi 


^ 


Level. 


N.        S. 


27. 055 
0.953 

14.375 

17.  050 
14. 710 

21. 180 

21.680 

10. 250 

3.  725 

5.355 

22.750 
9.070 
7. 455 

18.  755 
17. 125 

26.  078 
4.140 
4.100 

25. 295 

14.  590 
13.435 

19.  560 
8.480 

8.fti3 
14. 155 

17.060 

15.  878 

4.535 
21.120 

6.470 
20.790 

10.250 
16.290 

19.  918 
9.895 

10.  030 
21.  405 

15.820 
12.  520 
12.  770 

24.440 
7.070 

2.640 
24.  iA)i) 


24 
16.5 

18 

is"" 


12.5 
19.5 


o      /      // 
46  17  25. 2 


14      I  46    4  55. 9 

'ih"'\ 

45  53  47.6 


15.5 

18 

22 

12.5 

14 
25 

80 
9 

46    7  22.  2 


46  13  13.3 


17       I  18 
20         14 


20  15      i  46    4  37.4 

19.5  I  15 

I  I 

21  I  14      I  46  11  19.4 
19.5     15 


22 
18 

13.5 
17 

21 
18.5 

14 
16 

18.5 
23 

16.5 
12 

15 
22 

20 
13.5 

15.5 

19.5 

45  59  31. 6 


46    4  39. 7 


22 

20 
19 

14 


13 

15 
16.5 


46  13  3L  0 
46  7  58.6 
45  57  9. 1 
45  56  13.  7 


22         45  58  22.  4 


i  25.  5  ;  10 


15         21         46  15    2. 0 
26         10 


19  I  16.5 

20  I  14 


45  48  50. 2 


Corrections. 


"'r"fr""i  I-™1- 


Merid. 


Latitude. 


/       // 
-13  34. 1 

-  1    LO 
-{-10    7.0 


// 
+3.1 

• 

+2.2 
+2.5 


-  3  29. 9 


+3.6 


-  9  21.  2       +L  8 


-  0  46.8 


-  7  28.7 


+  4  23. 7 


-  0  47. 9 


+  11  11.7 


-  9  40. 0 


-  0    4.6 


f  6  45.  9 


+  7  40. 7 


+   5  31. 1 


(?)* 


+3.4 


+3.8 


+3.4 


+3.4 


+4.7 


[+3.0] 


+L3 


+1.8 


+2.7 


+2.7 


+3.6  , 


+  15    1.5       +3.1    


o      /     " 
46  a  54.2 

3  57.1 
3  57.1 


3  55.9 


46  3  53.9 


3  &4.f 


3  54.5 


3  58.7 


3  55.2 


3  57.7 


3  54.9 


3  55.S 


3  56.8 


3  57.1 


3  56.2 


(?) 


46  3  54.8 


fear  some  coini»licatcd  error;  pinhaps  7.930  sbould  bo  the  roadin;;  for  7152;  whicli  gives  3'  56".0. 
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DkcusHion  of  latitudej   Walla  Walla, 


c 


t 

a 

■4^ 

»s 

OD 

u  o 

U 

^1 

a  >• 

M 

s 

[3 

^ 

^ 

1 

1 

2 

2 

I 

40 

4 

1 

5 

3 

6 

3 

«• 

o 

*« 

f 

1 

» 

o 

W 

5 

n 

o 

u 

4 

13* 

4 

H 

4 

15. 

3 

18 

5 

2 

2 
♦> 

2 
4 
2 
2 
2 
3 
5 
4 
2 
2 
2 
2 
2 


Latitude. 


46    3 


[4 
3 


It 

52.6 
55.20 
52.95 
54.9 
54.60 
53.77 
55.25 
1.  2?] 
58.50 
55.54 
53.00 
55.  20 
55.32 
57. 45 
f>6.20 
55.72 


o 


s 


0.43 
0.97 
].27 
1.81 
0.06 
1.19 
0.06 
0.11 
0.95 
0.36 
1.06 
0.06 
0.67 

—  0.40 
-f  0.06 

—  1.02 


a 

o 

.Pi4 

a 

a 

o 
O 


17 
18 
19 
20 
21 
22 
23 
24 
25 
20 
27 
28 
29 
30 
31 


I  a 

S  > 


3 
1 
5 


5 
5 
6 


2 
S 

00 

s 

S 


2 
2 
2 
2 
2 
3 
2 
2 
2 

3 
3 
2 
4 
2 


Latitude. 


46    3 


46    3 


54.30 

57.6 

55.36 

58.12 

57.  30 

57.78 

55.38 

56.88 

53.  40 

56.62 

55.  32 

56.  02 
54.82 
56.42 
58.40 


'^Observation  of  August  13,  excluded. 

FINAL  LATITUDK. 
460    3'    55".89  ±  0".16. 


TABLE  OF  WEIGHTS. 

2  stars,  1  obfl.... 0.5 

2ob8 0.75 

3-6  obs 1.00 

5  "Itl! o  ^^  K^,.  a  ♦«  A  ^i»a«,.^oH««-  S  Diminished  in  above  pro- 

ssSS::::::.'::::::::;  I4  J^^'^^*^®^^*®^^*^'*'^^     portion  for  loss. 

ASTRONOMICAL  STATION  AT  THE  DALLES,   OREGON,  1878. 


2^ 


+  0.87 
+  0.85 
+  0.36 

—  0.61 

—  0.09 
0.50 
LOO 
1.36 
L23 
0.67 

—  0.01 

—  0.21 
-f  0.72 

—  0.84 
+  L  21 


+ 

+ 


GEOGRAPHICAL  POSITION. 

Latitude.       45°  36'  17".78. 
Longitnde,  121°  12'  20".47. 

Barometric  altitude  of  observatory  above  sea-levol  (monument)  179.8  feet. 
The  point  selected  for  the  determination  in  The  Dalles  was  on  the  bluff  of  the  lava 
bed,  imder  the  shadow  of  which  are  the  Steam  Navigation  Company's  offices  and  work- 

The  pier  was  of  cemented  brick,  and  in  a  position  not  likely  to  be  disturbed,  unless 
bv  some  irrational  wantonness.  From  here  one  can  not  only  overlook  the  whole  city, 
but  have  an  unobstructed  view  of  the  lofty  and  snow-covered  cone  of  Mount  Hood ; 
lad,  but  for  a  mountain  ridge  just  across  the  Columbia  River,  Mount  Adams  would 
•Iso  be  visible.  From  the  pier  the  northwest  corner  section  3,  township  1  north, 
nnge  13  east  boars  N.  33^  \V.,  distant  47^  feet;  and  to  the  south  side  of  Main  street, 
if  it  were  prolonged,  the  distance  is  8H  feet.  (See  plate  herewith. )  The  meridian  was 
fDtfked  on  the  north  near  the  bluff  facing  the  Columbia  River,  by  an  iron  pin  driven 
into  the  ground  and  then  covered  by  a  conical  pile  of  rocks  6  feet  wide  and  4  feet 
bigh;  southward,  on  a  large  natural  mound  (which  was  once  a  part  of  the  military 
rwervation  of  old  Fort  Dalles),  it  was  indicated  in  the  same  way. 

DALLES  CITY  AND  SURROUNDINGS. 

The  Dalles,  or  Dalles  City,  in  the  langua<?e  of  its  incorporation,  is  situated  at  the 
mouth  of  Mill  Creek,  a  very  considerable  distance  below  the  main  part  of  the  rapids 
of  the  Colambia  River,  from  which  it  takes  its  name.  It  is  a  strangely  selected  spot 
for  a  city,  for  what  is  not  lava-bed  is  for  the  most  part  sand.  Once  there  was  a  level 
Md  fertile  valley  between  the  city  and  the  foot  of  the  rapids,  but  this  is  now  almost 
entirely  covered  with  sand  dunes.  The  wind  that  pours  up  the  caHon,  that  sets  in  at 
the  mouth  of  Mill  Creek,  like  water  through  a  funnel,  is  apparently  the  cause  of  all 
tbiiisand  in  and  about  the  city.  Despite  the  forbidding  character  of  the  location, 
Dilles  City  is  a  picturesque,  go-ahead  town,  having  many  hue  stores  and  pleasant 
midences  with  their  charming  fruit  gardens. 
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METEOROLOaiCAL  CONDITIONS. 

It  took  no  less  than  four  weeks  to  complete  this  station,  from  Angnst  29  to  September 
25.  Arrangements  for  observations  were  ready  on  the  30th.  September  1,  however,  a 
violent  wind  carried  everything  in  the  shape  of  tent  and  other  equipments  to  the 
ground,  making  it  necessary  to  put  up  a  substantial  frame-work. 

Observations  were  made,  or  it  was  possible  to  make  them,  September  2,  3,  4,  5,  6,  7, 
8,  and  9,  although  there  was  much  embarrassment  from  the  wind. 

From  September  10  to  19,  inclusive,  the  atmosphere  was  so  full  of  smoke  driven  from 
the  burning  Cascade  Mountains  that  no  observations  could  be  made.  A  few  of  the 
very  largest  stars  could  sometimes  be  faintly  seen.  During  this  time  the  sun  was 
stripped  of  its  power  and  stood  in  the  heavens  as  a  great  blood-red  rayless  orb ;  the 
moon  had  the  same  general  appearance  by  night ;  the  wind  blowing  all  the  while  east- 
ward and  sometimes  violently.  From  the  19th  to  the  25th  the  weather  was  for  the 
most  part  favorable,  if  the  wind  be  excepted. 

TELEGRAPHIC  COMMUNICATION. 

The  Western  Union  Office  and  that  of  the  Oregon  Steam  Navigation  Company  not 
being  connected  in  Portland,  an  effort  was  made  at  first  to  get  Ogden  by  way  of  Walla- 
Walla,  Boise  City,  and  Winnemucca.  The  most  patient  perseverance  for  many  nights 
brought  success  but  once  in  this  direction,  September  5. 

The  offices  in  Portland  having  been  connected,  the  rest  of  the  signal  exchanges  were 
made  by  Portland  and  San  Francisco,  that  circuitous  but  expeditious  rout-e. 

Length  of  circuit  via  Walla-Walla,  about  1,144  miles;  via  Portland  about  1,500 
miles. 

METHOD  OF  OBSERVATION. 

Mode  of  observation  the  same  as  at  Walla- Walla ;  that  is,  eye  and  ear.  The  chro- 
nometer did  not  have  to  be  taken  so  far,  but  the  climbing  up  and  down  the  bluff  was 
anything  but  a  safe  or  pleasant  operation. 

INSTRUMENTS. 

Instruments  the  same  as  at  Walla- Walla.  No.  16  is  an  old  instrument  and  has  been 
put  to  much  service  in  many  places,  but  the  roughest  usage  it  ever  had,  it  received 
probably  from  the  wind  and  sand  of  Dalles  City,  Oregon. 

Tabulation  of  stars  used  for  determination  of  time  at  Ogden,  Utah,  and  The  Dalles,  Oreg, 
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T€tbulation  of  stars  used  for  determination  of  time  at  Ogden,  ^-c. — Continued. 
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Level. 
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13.5 

16 
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12.5 
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19.5 

16.5 
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14 

14.5 
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16 

13 
26 

22 
9 
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20 
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15 
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21.5 
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14 

20.5 
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17 
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17.5 
22.5 

18 
13 
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21.5 
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14 

18 

18 

20 

16 

21 

15 

18 

18 

19.5 
19 

17 
17 
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18 
17 

18 
21 
19 
21 

18 
16 
18 
16 

20 

18.5 

19 

18 

18 
24 

19 
13 

O     I       u 

45  22  1&5 
45  47  48.9 
45  88  2.6 
45  49  45.8 
45  42  3.9 
45  32  5.9 
45  39  58.0 
45  47  49. 0 
45  49  46.0 
45  42  4.0 
45  82  6.0 
45  56  17. 0 

45  43  17. 8 

45  30  44.1 

45  24  29.6 

45  41  14.3 


45  30  16.7 


45  32  27.0 


45  36  16.1 


45  32  49.3 


45  42  59. 8 


Corrections. 


Micr.and 
refr. 


+14  2.9 
-11  80. 6 
-1  44.7 
-18  26.2 
-5  42.8 
+  4.16.0 
-8  43.6 
-11  34.8 
-13  82.4 

-  5  49. 3 
+  4  10. 5 
-20    2.0 

-  7  4.4 
+  582.6 
+U  47.2 
-4.58.9 


+  6    2.3 


+  3  49. 0 


-  0    2.0 


+  8  24.5 


-  6  47. 0 


Le^eL 


—2.0 
-LI 
-0.5 
-4.5 
-L8 
-2.0 
+1.6 
-0.9 
+2.9 
+2.7 
+1.8 
+L3 

+3.2 

+L8 

+L4 

+2.2 
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+0.9 


+2.3 
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+8.6 
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Latitude. 
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45  86  19. 4 
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15.1 
19.3 
19.9 
16.0 
13.8 
16.5 
17.4 
1&3 
16.3 

16.6 

ia5 


18.2 


17.6 


20.6 
16.9 
16.4 

15.1 

45  86  16.4 
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2L5 


C20 
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20.965 
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25.720 
8.280 

20.220 
10.840 

:t20.485 
16.255 


22 

17 

26.5 

16 


1&5 
23 

19 
22.6 


20.350  19 

14. 756  j  20. 6 

23. 708  21. 5 

12.095  I  20 

23.755  I  18 

6.585  22.6 


13.350 
10.635 

5.130 


20 
21 

19.5 


25. 205     21. 6 

12.905     18 
24.780     24 


23.065 
14. 415 

13.560 
7.300 

16.080 

laoio 

24.560 
9.435 

11.865 
13.  210 
27.060 


18 
24 

19 
18 


17 
21 

1^ 
1&6 


28.665 
28.420  I  19 

23.430    

§-3.375     ia5 


Probably  0  440. 
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2L5 
12 
22 
12 

19 
13 


17 
18 

19 
14 

17.5 
16.5 

18 

16.5 

16 

21.6 

12 

22.6 


20 
15 

19.6 
15.6 

18 
16.6 

16 
17 

19 
16 

17.6 
16.5 

17.5 
16 

19.5 
13 

19 
13.6 

19 
19.6 


21 
17 
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19.5 


18 
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o    /      // 
46  40  60.7 


46  43  43.7 

46  48  2a3 
46  36  36.6 
46  66  7.9 
46  40  29.0 

46  41  44.7 

46  42  32.6 
46  35  44.9 
46  89  68.1 
4644  6.0 
46  47  49. 1 

45  38    2.8 

46  49  46.1 
46  44  16.0 
46  42  4.2 
46  32  6.2 
46  34  36.8 

45  46  29.2 

46  80  44.3 

45  24  24.8 
45  41  14. 2 


6881  31.350   08.5  19.5 

6918  21.040  ^20  18 

6959  3.535    (18  20 

6986  8.595   >20  18 

7022 

8082  in  error;  camiot  find  what  the  error  is.     \  16'.486.     §  Should  bo  —2'  -f.376. 
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-  i  38.0 


-  7  81. 6 

-12  13. 9 
-0  20.7 
-18  64. 6 

-  4  16. 4 

-  6.32.0 

-  6  19. 9 

-  0  3L2 

-  8  46.6 

-  7  50.3 
-11  36. 4 

-  1  50.0 
-13  33. 0 

-  8    0.9 

-  6  60.3 
+  4  13.6 
+  1  42.6 
-10  12.6 
+  6  34.9 

+11  64. 4 

-  4  67. 0 


Level. 


Merld. 
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+2.4 


4-4.0 

+2.2 
+3.2 

+2.7 
+3.2 

+3.2 

+2.3 
+2.8 

+L8 

+ai 

+2.8 
+2.6 
+2.7 
+3.4 
+3.4 
-0.6 
-0.2 
0.0 
-0.4 

0.0 
+0.2 


Latitade. 


O      I      It 

46  86  15.1 


16.1 

lfi.6 
l&O 
lfi.0 
lfi.8 

16.9 

14.9 
16.0 
13.3 
1&8 
16.0 
15.8 
16.8 
1&5 
17.3 

ia2 

lai 

16.6 

las 

19.2 
46  36  17.4 
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ions  and  computations  for  latitude  of  The  DalleSy  Oreg, — Continned. 


U 


8. 


7029 
TOM 

7153 
7167 

7218 


7332 
7336 
7337 
7365 

7373 
7401 
7453 

7505 
7530 
7566 

7614 
7646 
7676 

7718 
7721 
7731 
7736 
7755 

7770 
7820 
7850 

7888 
7917 

{*) 
6372 

(») 
6391 
6390 

6428 
(») 

6622 
6556 

6599 
6623 

<•) 
6690 
6691 

6717 
6718 

«6734 
6769 

6780 

6784 

t6800 

6606 

6813 

6824 

t6856 


Si 

H 


18.780 
9.890 

16.880 
15.970 

16.020 


&095 
19. 015 
19. 115 
19.840 

1L395 
2L155 
10.920 

6.220 
18.850 
17.865 

&225 
27.405 
11.035 

2.416 
19.096 
18.950 
22.270 
27.620 

17.000 
17.440 
10.405 

30.965 

aooo 

28.877 

22.105 

19. 510 

5.824 

3.260 

21.  510 
18.610 

22.300 
13.720 

17.370 
11.140 

33.860 
4.385 
4.148 

14. 135 
16.705 

18.963 
14.205 

11.150 
12.465 
21.345 

29.980 
I  29.725 
I  24.725 
—  6a  615 


Level. 


N. 


19 

I  21 


19.5 


51ft 

(19 
')20 


21 
20.5 


19.6 
2L6 


21 
20 


19.6 
21 


21 
20 
20.5 

21.6 
20 

19 


19 

20 

14 

20 
16 

16.6 
19 

22 


12 

22 
12 

21.5 
13 

18 
18 


S. 


'I 


19 

17 

19 
20 
20 
18 

18 
19 


19 
18 


18 
20 


20 
18 


19 

20 
20 

19 
20.6 

16.6 


17 

16 
22 

16.6 
21 

20 
17.6 

16 

24.' 6 

16 
26 

15.6 
24 

19 
19 


6881  I 
6918  I 
6969 
6986 
7022  I 

^tb'in  this 


20.6 

16.6 

14 

23 

19 

18 

16.6 

21 

oil! 

46  30  16.9 
46  96  16.3 


46  32  49. 6 


4543    ai 


45  40  6L0 


45  43  44.0 


45  36  12.9 


46  88  49.8   -  2  3L4 


Corrections. 


Micr.  sad 
refr. 


+  6    0.0 


+  0    L8 


+  3  2&4 


-6  44.9 


-4  36.7 


-  7  27.1 


+  1    4.3 


45  56    &2 
45  47    3. 0 


46  41  39. 0 
46  42    4.6 

45  82    6.6 

46  56  17. 6 

46  34  36.2 
45  42  54. 6 

45  80  44. 6 

46  24  25.2 
45  41  16.0 


-18  52. 2 


-10  46.4 


-  5  20.0 


-  6  47. 6 


+  4  12. 3       -0. 7 


Level. 


-19  66.6 

+  144.1 

-  6  34.8 
+  6  34.3 

+U  56.1 

-  455l2 


29.795 
19.490 

2.005 

7.115 
12.500 

psir.       1 6800  should  read  26^.345.      :a6M  should  lead  ~V-^.9Vk 


+L4 
+0.1 


+L6 


+L4 


+1.1 


+0.9 


+0.8 


Merid. 


+0.4 


+0.7 


+L6 


-0.7 


-0.9 


-2.0 

-2.2 
-L8 
-0.7 

-L8 


-1.8 


Latitude. 


45  86  1&3 
1&2 


17.6 


16.6 


16.4 


17.8 


1&9 


1&8 


16.7 


18.2 


18.3 
16.1 

lai 

17.0 

l&l 

17.9 
1&2 

19.5 
46  36ia6 
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Observations  and  computations  for  latitude  of  The  Dalles,  Oreg. — Continaed. 


Date. 


September  17, 1878. 


September  0,  1878 . . . 


7029 

7oeo 


*l 


7064 
103 
7105 


7153 
7167 
7218 

7332 
7336 
7337 
7365 

7373 
7401 
7453 

7505 

t7530 

7556 

(') 

7614 
7646 
7676 


7749 
7753 

7770 
7820 
7850 

a7888 
7917 

7905 

b8028 

8036 

8659 
8076 
8082 
8114 

8125 
8135 

8153 
8159 

6335 
6357 

6372 

(») 
6391 

6390 

6427 
6463 

6468 
6477 
6496 

6522 
6556 


20.435 
1L470 

18. 470] 

19.287 

19.800 

15.850 

.  16. 050 

16.045 

a  590 
19.669 
19. 790 
20.445 

18.880 
28.460 
1&355 

7.175 
24.670 
ia810 
17.850 

6.905 

26.085 

9.580 


Lost 


25.645 
7.565 

17.330 
17. 740 
10.680 

29.195 
2.290 


Level. 


N. 


19 
1&5 

19 
16 


21 
14 


19.5 


20 
15 


21.5 
18 


19 
16 


21 
16.5 

20.5 
17 


22 
15 

[21.5 


11.330 
31.145  118 
24.970     22 

2L  330  '  19 
7.020     18 

26.150 
a  700 


2L603 
12.505 

ia920 
17.760 

!  19. 490 
2.345 

22.025 

19.355 

5.655 

3.100 

a085 
2a  195 


19 


24.5 
13 


S. 


las 

19 

las 

22 


17 
24 


20 
23."  6 


18 
24 


17 
25.5 


20 
23 


18 
23 

ia5 

22.5 


17 
24.5 

las 

22 

18 

21 
22 


21 


12 
23.6 


Corrections. 


IMicr.  and 
refir. 


Level. 


Mend. 


45  30  17.4 
45  36  20.0 

45  36  laS 

45  32  5a0 

45  43    0. 6 


/       // 

1/ 

+  6    3.1 

0.0 

-  0    0.5 

-0.9 

+  0    4.2 

-2.2 

+  3  8L1 

-3,2 

-  6  3a6 


45  39  45. 9   -  3  24. 9 


45  43  44. 6   -  7  22. 6 


45  48  29.2 


-12  12.2 


45  40  29.9 


18      I  19 
23.5  i  13 


18 


13.235 

10. 770  I  . . 
25.095     21 


20.020 


ia5 


45  44  15. 3   -  7  54. 1 


45  42  83.4  p  6  12.2 

I 

45  35  45.8   -      34.0 

I 

I 
45  47  50.0   -11  34.4 

I 
45  44  47.0   -  8  32.5 


45  49  47.2   -13  34.5 

I 
45  39  27.9   -  3  10.2 


19      I  18         45  42    5. 4 


11.430     19.5     17 


-  6  47. 9 


-2.5 


-2.9 


-2.9 


45  88  50. 4    -  2  31. 3 


45  55    a  8   -18  50.4       -L6 


-0.2 


-2.7 


-2.7 

i 

(?) 

I 

+0.7 

i 
+0.7  ' 

+3.4 ; 

+1.6  i 
+1.8  ' 


*  I  have  omitted  7064 :  ite  reealt  with  7103  will  \ie  ASPW  22''.4.    Perhapn  the  error  is  CI,  i 
reading  13'.570.    See  September  a  17530  shonld  read  19'.670. 

a  Difference  increased  1'.    b  Some  great  error  in  8028 ;  tiie  reading  shonld  be  about  11^.92. 
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DiecussUm  of  latitude — Dalles, 


1 

2 

3 

4 

5 

O 

7 

8 

9 

lO 

11 

12 

13 

14 

15 

16 


No. 

of 

obs. 


2 
1 
1 
4 
4 
1 
4 
2 
5 
4 
2 
2 
2 
1 
3 
3 


No.  of 
stars. 


2 
2 
2 
2 
5 
2 
2 
8 
2 
2 
3 
2 
3 
2 
3 
4 


Latitude. 


o     /        // 

45  36  14. 65 
19.4 
1&8 
15.82 
16.52 

ia3 

15.88 
18.90 
17.78 
1&88 
16.65 

laio 

17.25 
16.60 
1&50 
1&97 


Cor.  to 

micr. 

It 

•fO.34 

•—1. 26 

+0.70 

+1.04 

+0.51 

+0.48 

+  1.22 

+0.50 

+0.52 

+0.38 

+1.80 

—0.15 

+0.60 

+  0.91 

—0.50 

— L07 

Combination. 


17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 


Na 

of 

obs. 

No.  of 

stars. 

3 

5 

3 

2 

2 

3 

3 

3 

3 

4 

3 

3 

3 

4 

3 

8 

1 

•  5 

2 

2 

3 

3 

3 

2 

1 

3 

2 

4 

2 

2 

2 

2 

Latitude. 


o     /        // 

45  36  17. 83 
19.80 
17.75 
17.80 
17.17 
17.50 
16.53 
17.67 
18.0 
16.15 
1&20 
16.50 
16.8 
17.20 
16.70 
16.00 


Cor.  to 
micr. 


+a44 

--0.54 
—0.17 
0.00 
—0.31 
+0.60 
+0.38 
+0.66 
—0.10 
+L10 
+0.16 
+L70 
+0.38 
+a60 
+0.67 
+0.04 


Final  laUtnde,  45°  36'  17".  78  ±  0".  09. 

ASTRONOMICAL  STATION  AT  FRESNO,  CAL.,  1878. 
GEOGRAPHICAL  POSITION. 

ktitnde  36^  43'  31".  22. 

»ii^tade . 

krometric  altitude  of  observatory  above  sea-level  (Lieutenant  Ludlow^s  camp}, 
7  feet. 

Lscrepancies  were  found  in  the  time  observations  at  Fresno,  which  could  not  be 
red  up  owing  to  lack  of  time.  The  discussion  of  the  longitude  is  therefore  omitted 
bis  place. 

ASTRONOMICAL  STATION  AT  FRESNO,  CAL.,  OCTOBER,  1878. 

GEOGRAPHICAL  POSITION. 

rhe  location  of  the  observatory  was  on  a  swell  of  ground  some  half  mile  south  of  the 
wn.  The  pier  was  of  cemented  brick,  as  at  the  other  stations.  There  was  no  lava- 
1  here  as  at  The  Dalles,  nor  bowlders  as  at  Walla  Walla,  loaded  with  magnetic 
m,  to  affect  the  needle,  the  soil  being  composed  almost  entirely  of  sand.  It  is 
Ldom  possible  to  get  such  a  desirable  spot,  in  all  respects,  for  an  observatory  as  was 
sre  presented.  The  view  was  unobstructed  in  all  directions,  bounded  eastward  at  a 
«at  distance  by  Mounts  Whipple,  Gk>ddard,  and  other  great  mountain  masses  of  the 
erra  Nevada,  while  westward  lay  the  Coast  Bange. 

FRESNO  Ajn>  ITS  SURROUNDINGS. 

Fresno  is  a  town  that  owes  its  origin  to  the  Southern  Pacific  Bailroad.  It  is  the 
ipital  of  the  county  of  that  name,  which  is  ofben  designated  in  California  as  the 
unty  of  colonies.  The  court-house  is  an  expensive  and  showy  building,  and  stands 
t  in  marked  contrast  with  all  other  improvement-s,  both  public  and  private.  At 
is  season  of  the  year  there  seemed  to  be  no  vegetation  here^nothing  green — except 
ftt  produced  by  irrigation. 


METEOROLOGICAL  CONDITIONS. 


lie  pier  and  tent  were  in  readiness  for  observations  by  October  1,  and  it  was  contin- 
islj  clear  till  the  11th,  when  it  rained,  as  also  on  the  13th  and  14th.  There  was 
Ic  or  no  wind,  and  no  dust  to  interfere,  notwithstanding  the  sandy  soil. 
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TELEORAPHIC  COMMUNICATIONS. 


Ogden  was  got  by  way  of  San  Francisco,  and  there  being  no  delay  in  the  use  of  the 
wires,  longitudinal  exchanges,  with  complete  clock  error,  could  have  been  had  everf 
night  from  October  4  to  11  had  the  conditions  of  the  former  place  been  eqaallj 
favorable. 


Same  as  at  other  stations. 
Also  the  same. 


METHOD  OF  OBSERVATION. 


INSTRUMENTS. 


ADDENDA. 


The  elaborate  stone  pillars  sent  to  Fresno  for  marking  the  meridian  were  placed, 
the  one  in  the  meridian  north  of  the  pier,  just  north  of  the  railroad  track  and  on  a  line 
with  the  first  row  of  houses  facing  south ;  the  other  about  the  sanie  distance  south- 
ward, and  near  a  road  leading  to  one  of  the  colonies. 

Mean  place  of  stare  for  1878.0  used  for  the  determination  of  latitude  of  Fresno^  CaL 


1 

No.  of   No. 
pair.  B.  A.  C. 

1 

niAfts. 

A. 

R. 

Declination,  i 

1 

No.  of 
pair. 

No. 
B.  A.  C 

Class. 

A.K. 

■ 

Dediostiaii. 

h. 

m. 

9. 

o 

/ 

1 

h. 

m. 

«. 

O        1          It 

6480 

x^ 

18 

52 

27 

32 

44 

44.4 

7571 

A 

21 

39 

7 

25   5  &6 

6491 

A^ 

18 

54 

23 

32 

31 

23.8 

7508 

A 

21 

42 

17 

48  44  43. « 

6493 

c 

18 

54 

47 

40 

30 

45.8 

7627 

AA 

21 

47 

81 

25  n  13 

6674 

A  A 

19 

23 

38 

24 

25 

8.5 

(») 

6717 

C 

19 

30 

20 

48 

59 

50.8 

7676 

B 

21 

57 

22 

52  17  40.3 

6720 

C 

19 

30 

52 

43 

40 

41.6 

7609 

B 

22 

0 

13 

62  31  34.7 

6728 

C 

19 

32 

39 

43 

26 

1.6 

7707 

.A 

22 

1 

18 

62  11  2&4 

6740 

A 

19 

34 

33 

29 

52 

23.4  { 

.  (*) 

6784 

A 

19 

41 

48 

33 

26 

40.7 

7789 

B 

22 

14 

14 

63  U  35.0 

6800 

C 

19 

44 

11 

33 

7 

58.9 

7796 

A 

22 

15 

31 

U  35  27.7 

6817 

B 

19 

46 

26 

40 

17 

24.3 

6857 

B 

19 

52 

50 

40 

2 

26.7 

7798 

A 

22 

15 

41 

27  42  Sai 

7800 

B 

22 

15 

50 

45  55  aO.8 

0) 

C 

19 

53 

40 

56 

21 

34.8 

6868 

A 

19 

54 

33 

17 

11 

3.6 

7883 
7837 

(B) 
B 

22 
22 

22 
23 

54 

10 

^8  29  9.3 
64  30  37.3 

6928 

A 

20 

3 

1 

52 

48 

20.1 

6033 

A 

20 

4 

84 

20 

33 

13.0 

7902 
7908 

A 
AA 

22 
22 

34 
35 

19 
23 

62  57  Lf 
10  U  4L9 

6944 

A 

20 

6 

54 

26 

6 

56.1 

6083 

A 

20 

11 

42 

47 

20 

24.4 

7967 
7988 

A 

(B) 

22 
22 

45 

48 

20 
95 

65  13  3L5 
'8  9  56.S 

7041 

B 

20 

21 

11 

42 

12 

23.0 

7100 

C 

20 

28 

37 

42 

46 

35.2 

8034 

AA 

22 

58 

41 

14  32  56.9 

7131 

A 

20 

32 

34 

31 

8 

49.6 

8054 

B 

23 

1 

88 

56  45  3&1 

7132 

A 

20 

32 

35 

31 

5 

51.5 

(») 

C 

23 

4 

39 

16  56  IS 

7164 

A 

20 

36 

6 

31 

52 

26.8 

1 

8083 

A 

23 

7 

25 

56  29  4L4 

7174 

C 

20 

37 

32 

41 

16 

50.4 

8138 

B 

23 

15 

15 

61  82  414 

7204 

AA 

20 

41 

16 

33 

30 

50.9 

i 

8182 

A 

28 

22 

50 

12  5  1S.4 

7260 

B 

20 

49 

49 

40 

14 

21.4 

8206 

A 

23 

27 

54 

80  89  7.1 

7313 

A 

20 

57 

40 

39 

1 

42.8 

8229 

A 

23 

32 

9 

42  35  S3.8 

7390 

B 

21 

12 

54 

34 

23 

7.5 

1 

(•) 

C 

23 

36 

86 

*68  50  20.3 

7411 

B 

21 

15 

17 

48 

59 

41.7 

1 

8250 

(B) 

23 

37 

10 

vg  39  15.0 

7437 

A 

21 

18 

29 

23 

45 

2.7 

8273 

A 

23 

42 

5 

67  7  4i2 

7461 

A 

21 

22 

18 

27 

4 

41.0 

8331 

AA 

23 

53 

3 

•6  11  1&3 

7480 

A 

21 

24 

57 

46 

0 

11.2 

8344 

A 

23 

55 

24 

00  32  8S.1 

7520 

A 

21 

32 

3 

18 

46 

13.5 

8366 

B 

23 

58 

48 

60  38  47 

7655 

C 

21 

86 

41 

54 

19 

4.2 

8370 

A 

23 

59 

26 

12  43  2.3 

( 

iSd.  1052.  «54*  Heis  PezasL 

«Gr.  3157.  »Sd.  1505. 

«D.  M.  20O.  5046.  •Gv.  4130. 

For  3  and  4  no  aooorate  positions  were  available. 


'Position  from  Ay.  64  (preliminary). 
'Position  from  mean  of  6.  and  B. 
*See  Fort  Bayard,  9. 
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OhtervoHons  and  oomputaHana  for  latitude,  FremtOf  CaL 


fr  3,  1878 


liber  4,  1878 


i5 


0674 
8717 

8728 
6740 

06784 
6800 
6817 
6857 

6028 
6933 

6944 
6883 

7161 
7174 

7204 
7260 

7313 
7399 

7461 
7480 

7520 
7555 

7571 
7598 
7627 


7676 

6480 
6491 
6493 

6674 
6717 

6728 
6740 

6784 

6800 

6817 

e6857 

'  7041 

7100 

/7131 

/7132 

7164 
7174 

7204 
7260 

7313 
7399 


u 

H 

8' 

V 


&720 
7.650 

9.200 
15.085 

3.110 
16.985 
16.320 

5.220 

8.018 
11.400 

8.850 
9.680 

14.848 
2.385 

0.680 
14.820 

4.476 
5.340 

23.060 
7.885 

25.530 
10.195 

11.980 
29.645 
10.120 

25.750 
4.500 

16.340 

25.230 

7.290 

15.240 
14.190 

12.535 

ia4io 

&910 
22.815 
22.155 

6.080 

5.450 
30.840 
11.430 

-9.205 

20.725 
&140 

7.625 
2L690 

7.635 
&485 


LeveL 


N. 


26 
9 

16.5 
19.5 


19 
20 


18 
24 

1&5 
22 

14 
28 

16 
23 

19 
24 

16 
27 

12 


618 
16 


el3 


18 
25 


14 
22.5 

17 
20 


7411  p~  L860 
7437  I      29.525 


11 
d28 


23 
10.5 


18 
16 

17 
18 

20 

17 

ia5 
16.5 


S. 


si 


8 
25 

17.5 
14.5 


15 
14 


16.5 
10.5 

17 
13 

21 
7.5 

19 
13 

17.5 
12.5 

20.5 
10 

24.5 


18 
21 


24 


18 
6 


ia5 
10 

16 
13 


22 
27 


11 
23.5 


16 
19 

17 
16.5 

16 

18 

17 
19 


o    /     // 
36  42  4a  2 


36  39  31. 9 


36  52  22.7 
36  35  33.4 


36  41    7. 8 


36  44    2.2 


36  35    2.6 


36  53    0.7 


36  42  50. 9 


36  32  62.6 


36  33    6.3 


36  50  22.3 


36  34  4a9 


36  42  4a  2 


36  39  31. 9 


86  52  22.7 
36  35  3a  5 


36  48  4a4 


86  35    2.7 


36  53    0. 8 


36  42  61. 0 


86  22  4a3 


Corrections. 


Micr.  and 
rofr. 


Level.  I  Merid. 


// 


+  0  43.3 
+  3  5a3 

-  8  65.0 
+  7  56.5 

+  2  17. 0 

-  0  33.6 
+  8  24.8 

-  032.7 
4-  0  35.0 
+10  34.8 
+10  21. 1 
-15  55.6 


+  846.3 

+  0  42. 5 
+  3  57. 9 

-  8  56.4 
+  7  55.3 

-  5  17. 0 


+  8  29.7 
-  9  33.7 
+  0  8a5 
+20  41. 9 


// 


+0.7 
+L4 


+a6 

+3.6 


+6.4 
+3.8 
+4.9 
+2.5 
+4.7 
+4.5 
+4.1 
-L8 


+5.0 

+2.9 
+2.9 


+2.9 
+2.9 


—0.4 


-0.4 
+0.5 
+1.4 
-0.7 


Latitude. 


O       I        II 

36  48  32.2 
3L6 


3L3 
88.6 


30.2 
32.4 
32.3 
30.6 
30.6 
31.9 
30.5 
(24.  9] 


32.2 

33.6 
32.7 


20.2 
31.7 


31.0 

32.0 

27.6 

30.9 

36  43  20.5 


h  Some  error  in  the  level  readings, 
d  Level  should  be  26  N.,  7  8. 


a  Paired  thns,  6784,  6817,  6800,  6857. 
e  Level  reading  incomplete. 
€  (6857)  should  read  11.080. 
/The  readings  for  7131  and  7132  are  questioned  by  the  observer,  bat  are  correct. 
^Keading.  —  2'.+0'.860. 
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Ohservationa  and  oompulaUoM  for  latiiudef  FresnOy  Cat, — Continued. 


Date. 


S  • 


)otober4,1878 '  7461 

7480 

7520 
7555 

7571 
7508 
7027 


8250 

8273 
8331 

^8344 
8366 
8370 

)ctober  10,  1878 7902 

7908 


7967 
7988 

8034 
8054 


8149 
8162 
8182 

8206 
8228 


u 


«M       . 

o  a 

Level. 

i^ 

S  C8 

•  a 

N. 

S. 

Half 
decli] 

CorrectionB. 


Ltttitad& 


22.020 


16 


7. 135     21 


-  2.603 
24.290 

12.350 

30.000 

0.508 


26.535  ;  12 
5.258 

27.285 
12.330 
21.995  I  17 

13.385  I  15 
22.548 

22.375 
3.955     30 


19 
14 


O      /  "  I         II 

36  32  52.7    +10  39.8 


1L5     24 
28  8 


36  33    5.4 
30  59  22. 3 


(o) 
-15  64.6 


24        36  30  58. 0 
6 


7.390     24      I  13 


20.235 

19.750 
6.835 

16.100 
10. 510 

14.450 
14.240 

2.195 
4.090 

ia698 
10.268 

17.780 
15.155 


15.  5     21.  5 


18 
21 


19 
16 


16. 5  I  21 
23.5  ;  14 


16 
24 

18 
22 

16 
23.5 

16 
22 


21 
IS 

19 
15 

21 
14 

21 
15 


36  49  39. 6  -  6  11. 1 
+12  26.0 
36  34  49. 6 
36  52  11. 9 


36  39  46.1 
36  43  20.8 
36  49  27. 5 
36  37  49. 8 
36  45  16.7 


-f  8  40.2 

-  8  43. 1 
+  846.4 
+  0    &5 

-  1 

+  5  41. 4 

-  1  46.3 


10. 900  ;  24         13.  5     36  39  58i  2    +  3  31. 2 
16.115     16.5     21.5  I 


13.680 
16.  745 
20.405 


7.990  '  23 
20.955  ,  20 


16 
19 


20.  815 
7.825 

16.355 
10.800 


28.5 
14 

21 
19 


36  39  39. 7 


36  34  50. 6 


13.388     18 
13.180     22.5 


10. 5     36  52  12. 9 

25  I 

18. 5     36  39  47. 2 

20  I 

21. 5  i  36  43  22. 0 

17  1 


11.  a50  I  24      I  15      ,  36  49  28. 7 

14.880  I  16.5     23       | 

22.760    1 i  36  88  14.8 

14.  850  I  24         15 
2. 880     18. 5     21 


18.490 


15.5 


10. 175     26.  5  1  13      1 


23. 6     36  87  51. 1 


+  8  50.5 

4-8  45.1 

—8  46.1 

+3  45.'0 

-H>    8.4 

-6    3.3 
+5  20.4 

-f5  86.8 


a  I  cannot  find  what  error  has  been  made  here. 
6  8344  should  read  12' 


+  L*    !    3643a.4 


+2.7 
+2.2 


+2.0 

4-4.7 
+  1.8 

+1.4 
+1.8 
+2.2 
+2.2 
+1.6 
+0.7 
+2.0 
+  1.7 

4-2.9 

4-2.5 

+0.5 

4-0.7 

+1.6 
+L6 

+1.» 


(a) 


29.9 


915 

3LC 
3e.2 
M.3 
3L5 


32.8 
31.1 
3L4 
31.9 


J  wa^g 


e  Paired  thus,  8138,  8182;  8149,  8162.    The  fifth  star  I  cannot  identify  with  any  well-known  (\^^ 


.1 


TJ 


APPENDIX   0  0. 


2023 


Observations  and  camputalians  for  latitude,  Fresno,  Cal, — Continued. 


te. 


1878 


1878 


u 

9 

.a 


a* 

s 
JZ5 


II 


8250 

8273 
8331 

8344 
8386 
8370 

6674 
6717 

6728 
6740 

a6784 
6800 
6817 
6957 

6028 
6933 

66944 
6983 

(*) 
7041 
7100 
7131 
7132 

7164 
7174 

7204 
7260 

7313 
7399 


18.145 
15.450 

12.165 
17.360 

12.360 
16.390 
20.130 

15.483 
14.440 

10.765 
16.650 

10. 242 
24.100 
23.350 
12.275 

12.430 

15.988 

17.445 
17.235 

23.060 

4.980 

30.330 

10.885 

8.630 

2b.  405 
7.870 

6.593 
20.738 

a330 
9.812 


7411   e-  L835 
7437  I      29.445 


7461 
7480 

7520 
7555 

7571 
7598 


22.715 
7.030 

24.945 
9.525 

11.200 
28.820 


7789 
7796 

7902 
7908 

7967 
7988 

8034 
8054 


7627   d-  2.  305 


25.948 
4.655 

1L385 
21. 018 

22.313 
6.645 

7.245 
20.120 

19. 510 
6.570 

16.373 
10.870 


LeveL 


N. 


31 
10 

22 

17 


16 
23 

18 
22 


18 
18 


24 
1&5 


21 
20 


15 
26.5 

20 
19.5 


15 
27.5 

15 
26 

16 
16.5 


17 
25 

23.5 
17 

21 
22.5 

24.5 
16 

23.5 

17 

16 
25.5 


S. 


8 
29 

17 
22.5 


21 
14 

19.5 
16 


d  C8 

«0  g 


Corrections. 


Micr.  and 
refr. 


19 
19.5 


14 
22 


17.5 
18 


o      /      /' 
36  46  17. 8 

36  39  59. 3 

36  39  40.7 

36  42  4a  4 
36  39  32.2 


36  52  23.1 
36  35  33.9 


3(41    &4 
36  44    2.8 

36  48  49. 1 
36  35    3.5 


23. 5  I  36  63    1. 7 
12 


ia6 

19.5 


24 
11 

24 
12 

23.5 
13 


36  42  52.0 
36  22  49. 3 
86  32  63. 8 
36  83  6. 5 
36  59  23.5 


/      // 
-1  49. 1 

4-3  30.4 

4-3  53.1 


4-0  42. 2       4-1. 4 


Level 


22.5 
14 

15.5 
22 

19 
17 

15.5 
23.5 

16.5 
23 

24.5 
16 


4-2  24. 1 
-0  32.0 

-5  19. 8 

-f8  27.7 
-9  32.9 
4-39.8 
4-20  39.7 
4-10  35. 2 
4-10  24. 6 
-15  54.5 


36  54    0.1  -10  34.6 

36  34  50. 9  -f  g  41. 4 

36  62  13. 3  -  8  44. 1 

36  39  47. 6  -f  3  42. 9 


4-3  68.3 

4-1.6 

-8  50.9 
4-7  68.9 

-0.9 
—0.9 

4-L6 
4-1.3 

4-2.0 

4-L5 

4-2.2 
4-0.5 
4-L7 
4-2.7 
4-1.8 
-fl.4 


4-2.7 
4-0.5 
4-0.4 
4-P.7 


Latitude. 


o      / 
86  43 


It 
29.9 

31.1 

83.6 

32.0 
32.1 


31.3 
31.9 


34.1 
32.1 

3L3 

82.7 
81.0 
32.3 
?0.7 
3L7 
32.8 
30.4 


28.2 

32.8 

29.6 

86  43  81. 2 


"^^■^l  thus,  6784,  6817 :  6800,  6857.  frDiffprcnce  of  reading  should  be  0».790,  not  0'.210. 


lim 


*tar  may  be  (xr.  3157,  1'  in  error ;  oniittecl. 


—  2'  4-  .835. 


d  Should  read  —  1'  4-  .305. 


I 
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Oh§ertatunu  and  computation*  for  la<i/au2e,  Fretno,  CaL — Continued. 


Dftto. 


October  12, 1878 


October  18, 1878 


6  • 

a 


6083 

8138 
8149 
8102 
8182 

8206 
8229 


8250 

08273 
8331 

8344 
8306 
8370 

6720 
6728 
6740 

66784 
6800 
6817 
6857 


6868 

6928 
6933 

6944 
6983 

7041 
7100 
7131 
7132 

7164 
7174 

7204 
7260 

7313 
7390 


14 


LereL 


u 

s 


N. 


14.132 
13.925 

12.198 

22.955 

15.190 

3.242 

1&992 
10.665 

17.400 
14.805 

10.970 
17.080 

12.670 
16.745 
20.338 

22.535 
1L635 
17.560 

10.130 
24.998 
24. 255 
13.155 

19.608 
15. 015 

13.085 
16.628 

19.190 
19.900 

5.548 

30.940 

9.345 

11.530 

I 

21.405  !. 
&835  i 

! 

7.730 
21.875 

8.823 
9.772 


24 
18 
25 
19 

17.5 
25.5 


23 
23 

23.5 


23 

16 


14 
23.5 


21.5 
18 


19 
22 

21.5 
19.5 


7411   c-     .795     23 


7437 

7461 
7480 

7520 
(n555 

7571 

7598 

«7627 


7676 

7699 
7707 


30.530  15 

I 

24. 393  17.  5 

8.680  24.5 

25.435  14 

10. 090  11 

12. 165  17.  5 

29. 810  27 

-     .300    


27.455     14 
6w255     10 


o  a 

ga 


Correctiana. 


Lrtite 


^refr^^l  ^^^^    ^«^ 


o     '        n 


36  43  22.4   +  0 


16  I  36  49  29. 0  -  6 
22. 6  36  38  1&  2  4-  5 
15 
21 


23 

15 


36  37  5L  5 
86  45  1&  3 


-  1 


18        86  39  59. 8  4-  8 

18 


n 

8.4 


2.7 
14.5 


87.2 
4&7 
27.0 


17 


16  • 
23 


+1.6 


4-2.1 

4-a.i 


-fL8 
+2.6 
+3.6 


39  4L3   +  3  4&0       +3.6 


43  12. 2   +  0  19. 2 


25 
16 


36  62  23. 1 


-  8 


ao 


36  35  33. 9   +7 


36  46  39. 9 


51. 6       — L  3 
59. 6       — L  3 


-  8    9.7       —0.3 


36  41    &5+223.5 
36  44    2.9-0  28.8 


19      I  36  48  49. 2   -  5  16. 2 
22 


36  35    3.6+8  29.1 


+0.5 


—0.5 


—0.5 


0.0 


21         8653L8   -932.9      +a5 
18.5  I 


m  5     36  42  52. 1  +  0 
21 


18 
26 


38.4       +0.2 

I  i 

36  22  49.5  +20  44.8  j    -2.2 


23.5     36  32  54.0   +10 
16.5 


36w4  j    +0.7 
21.5       +2.0 
86  50  23. 6   -15  54. 0       +2. 3 


27. 5     36  83    6. 7   +10 
30 


24 
14 


28 
32 

16 


26.468     26 

11.  515     la  5     22. 5 

21.123    


0       ' 

36  431 


X 

s 
1 

36  431 


a  Difference  1'  too  lanre.  b  6784  sboald  read  11M30. 

d  I  assume  tb»t  the  level  reading  for  75jo  =  30  X.  11  S. 


e  Reading  —  1'  +  0.796. 
«  7627  abould  read  O'.SOOl 
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ObservatUms  and  camputatioHS  far  latitude^  Fresno,  Cah — ContiDued. 


Tl3,  1878 


o 


JZ5 


417789 
7796 

7833 
7837 

7902 
7908 

79«7 
7988 

8C34 
8054 


,M083 


22.060 
7.410 

21.765 
3.233 

&240 
21. 010 

20.390 
7.435 

16.628 
11. 210 

14.549 
14.405 


LeveL 


N. 


27 
17.5 


26.6 
19 

26.5 
19 

22 
24.5 

16.5 
13 


S. 


15 
26.5 


16.5 
24 

16 
24 

21 

ia5 

27 
28 


if 


o     /       « 
36  54    0.3 

36  30  59. 5 

36  34  5L1 

36  52  13. 4 

36  39  47. 7 

36  43  22.6 


Corrections. 


^refr^^'  Level. 


-10  83.8 
+12  30. 5 
+  8  37.2 
-  8  44.7 
+  3  89. 4 
+       5.9 


// 
+1.1 

+1.8 

+1.8 

+2.0 

+2.5 

+1.6 


Mend. 


Latitude. 


36  43  27.6 
3L8 
30.1 
30.7 


29.6 


36  43  80.1 


flereii«e  should  be  15'.65. 

tare  Mssumed  that  the  level  reading  of  8083  was  28  N.  13  8. 


Discussion  of  latitude,  Fresno, 


I 


-SI 


1 

3 
4 

4 
4 
1 
8 
3 
3 
4 
4 
4 
3 
4 
3 
3 


I 


>25 


3 
2 
3 
2 
2 
2 
2 
2 
4 
2 
2 
2 
2 
2 
2 
3 


// 


36    43 


32.2 

32.60 

31.95 

30.50 

32.32 

29.9 

32.27 

32.70 

31.60 

32.42 

29.62 

31.12 

30.77 

32.02 

31.17 

30.43 


B 


I 


e  3 

o 


p 


a 


/« 


—0.79 
+0.06 
—0.21 
+0.80 
—0.71 
+0.28 
—0.21 
+0.05 
+0.48 
—0.76 
+0.86 
—0.05 
—1.86 
—0.96 
—0.94 
+  L43 


§ 


Oct.   3 


16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 


i: 

1 

ID 

M 

^1 

^ 

£  ^ 

s 

c 

0 

^ 

}Z5 

f 

3 

4 

2 

2 

2 

1 

2 

2 

2 

4 

2 

4 

2 

4 

2 

4 

2 

2 

2 

2 

2 

3 

2 

8 

2 

3 

2 

3 

3 

3 


36 


(♦) 
(♦) 
43 


// 


27.90 

30.50 

30.25 

33.28 

29.85 

31.95 

31.28 

27.7 

34.3 

31.03 

31.07 

30.97 

32.80 


a  . 

l§ 
V  S 


// 


+0.95 
+a56 
— L13 
—0.78 
+0.78 
—0.34 
—0.01 
+  0.54 
—0.48 
—0.50 
+0.16 
—0.32 
—0.35 


Resulting  latitude:  36°  43'  31".22±0'M5. 

two  stars,  of  which  no  accurate  places  c«n  be  found,  belong  to  these  combinations ;  hence  there  is 
«solt  trmn  them  till  the  stars  are  observed. 

ASTRONOMICAL  STATION  AT  FORT  BLISS  (EL  PASO),   TEXAS. 
GEOGRAPHICAL  POSITION  OF  STATION. 


iongitude  106o  29^  05''.37. 

-atitude      M°  45'  31'M4. 

barometric  alt.  of  observatory  above  sea-level  (top  of  monament,  which  is  3  feet 

h)  3,630. 

he  monument  is  sitnaied  in  the  public  square  of  the  village  of  El  Paso,  25  feet 

thwe«t  from  its  center,  measured  on  a  line  parallel  to  the  streets.     The  square  is 

feet  on  a  side,  and  bounded  on  the  southeast  by  Saint  Louis  street,  on  the  north- 
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west  by  Maiu  and  southwest  and  northeast  by  Oregon  and  Utah  streets.  The  streets 
are  70  feet  wide.  The  sqnare  is  mostly  built  up  on  the  southwest  and  southeast  sides, 
has  one  hoi^se  on  the  northwest  side,  and  to  the  northeast  is  open  to  and  forms  part-  of 
the  plain  in  its  ori^nal  wildness.  thinly  covered  with  mesquit«,  cactus  and  the  like. 
The  monument  is  of  brick  18  by  20  inches,  28  inches  above  ground,  on  a  brick  founda- 
tion ^  feet  deep  and  6^feet  square  at  the  base. 

The  village  of  El  Paso  ^of  which  Franklin  is  an  obsolete  name)  is  sitnat-ed  on  the 
north  or  left  side  of  the  Rio  Grande,  1^  miles  from  it  at  present,  and  opposite  to  the 
Mexican  town  of  El  Paso  del  Norte,  and  2  miles  from  it.  It  does  not  contain  over  300 
inhabitants  now.  It  waa  larger  when  it  was  an  overland  stage  station  in  the  early 
California  emi^ation.  It  Iooks  forward  to  a  future  in  the  Southern  Pacific  and  the 
Chihuahua  Railroads.  The  river  flows  closely  to  the  Mexican  town  at  present,  but 
when  the  international  boundary  was  located  in  its  channel  in  1851  it  flowed  only 
half  a  mile  south  of  the  Texan  village,  having  shifted  its  bed  since  fully  a  mile  south- 
ward, and  in  doing  so  destroyed  valuable  vineyards  and  the  best  part  of  the  Mexican 
town. 

The  tillage  is  also,  for  the  time  being,  designated  Fort  Bliss,  because  the  troops 
assigned  to  that  post  are  quartered  in  the  village,  while  the  post  it^f  ha«  no  corpo- 
real but  only  an  official  existence.  Its  first  habitat  was  2^  miles  northeast  of  the  vil- 
lage on  the  river  flat,  but  as  the  river  encroached  and  threatened  its  destruction, 
another  post  was  built  half  a  mile  eastward  on  a  terrace  or  raised  plain,  a  few  feet 
above  the  river  bottom.  When  subsequently  the  post  was  abandtmed,  the  ground 
being  private  property,  the  buildings  were  left  unguarded  and  are  now  mostly  in  ruins. 
On  the  re-establishment  of  the  post  a  few  years  ago,  the  government  rented  quarters 
in  the  village  until  Congress  should  authorize  the  unilding  of  a  new  post,  which  it  has 
done  since  the  occupation  of  the  station,  and  the  new  post  will  probably  be  west  of 
the  village. 

Colonel  Graham,  United  States  Topographical  Engineers,  made  the  barometric  al- 
titude of  Frontera  3,870  feet  in  1851.  Frontera  (a  ranch  now  in  ruins)  is  some  15  miles 
up  the  river,  and  about  250  feet  higher  than  El  Paso,  as  determined  by  our  aneroid 
barometer  readings.  This  would  make  his  altitude  for  El  Paso  3,620  feet.  The  locally 
accepted  altitude  of  the  place  is  between  3,800  and  3,900  feet,  which  is  probably  a 
misappropriation  of  Colonel  Graham's  altitude  forlYontera. 

PHYSICAL  GEOGRAPHY  DETAILS. 

The  Rio  Grande  here  changes  its  course  from  the  north,  and  by  a  semicircular  sweep, 
15  miles  in  diameter,  it  passes  around  the  bold  south  end  of  the  Franklin  Ridge  of 
Mountains  until  by  a  reverse  curve  it  turns  eastward  at  the  old  site  of  Fort  Bliss.     It 

S asses  through  a  longitudinal  depression  between  the  overlapping  ends  of  the  Frank- 
n  Mountains,  east  of  the  river,  and  the  El  Paso  Mountains  west  of  it,  which  extend 
from  the  conical  Rodadero  Peak  near  the  boundary  monument  southward  into  Mexico. 
This  depression  is  occupied  by  much  eroded  and  decaying  granite-like  rock,  which 
crops  out  in  the  river  bed  producing  a  rapid,  and  forms  hills  200  to  600  feet  high, 
increasing  in  height  for  6  miles  to  the  flank  of  the  main  Franklin  Ridge.  It  is  at 
the  foot  of  the  southeastemmost  of  these  granite  hills  below  the  rapids,  and  due  south 
of  the  Franklin  Mountains,  that  the  village  of  El  Paso  is  situated. 

The  mountains  on  either  side  of  the  river  are  fringed  by  the  remains  of  a  mesa, 
about  360  feet  above  the  river  and  apparently  on  the  same  level,  and  doubtless  con- 
tinuous across,  before  the  granite  hills  were  eroded  or  the  country  elevated  to  its 
present  altitude,  and  before  the  many  beautiful  valleys  for  some  200  miles  up  the  river, 
where  the  numerous  ancient  Indian  as  well  as  the  later  Spanish  ruins  are  now  all  that 
remain,  were  drained  and  desiccated.  That  the  elevation  of  the  continental  backbone, 
and  the  further  desiccation  of  the  whole  Rio  Grande  Valley,  is  still  in  progress  is  indi- 
cated by  recent  lava  outflows  like  that  of  the  Mai  Pais,  by  hot  springs,  and  the  less 
degree  of  desiccation  existing  only  three  hundred  years  ago  when  tlie  S^>auiards  made 
settlements  and  had  irrigating  ditches  where  there  is  no  water  now  within  long  dis- 
tances. 

The  river  is  always  yellow,  with  much  im])alpably  fine  sediment.  It  changes  its  bed 
often,  even  in  a  night,  so  that  fording  is  always  dangerous,  and  at  places  changes  its 
coui'se  for  several  miles.  Thus,  had  it  not  been  for  the  Gadsden  purchase  the  Mexican 
town  of  Mesilla  would  have  become  American,  the  river  changing  from  east  to  west 
of  that  town  and  two  miles  beyond.  At  El  Paso,  where  it  is  now  the  international 
boundary,  it  changed  since  1850  a  mile  to  the  south.  It  is  a  vexed  question  where  the 
boundary  is,  whetlier  it  remains  fixed  in  the  channel,  as  it  was  when  the  survey  was 
made,  or  follows  the  changes.  The  question  arises  every  time  the  customs  officers  of 
either  country  pursue  smugglers.  It  also  puts  in  question  the  ownership  of  large  slices 
of  valuable  land  as  the  changing  river  leaves  it  on  one  side  or  the  other.  Parties  seem 
to  claim  the  old  channel  or  the  new  to  be  the  boundary  whichever  is  to  their  advantage. 
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METEOROLOGICAL  CONDITIONS. 

The  rainfall  is  deficient,  and  cultivation  is  possible  only  as  far  away  from  the  river 
as  the  irrigating  ditches  can  be  carried.  The  traditional  rainy  season  is  usually  ex- 
pected during  June  and  July,  but  according  to  the  experience  of  present  residents, 
daring  the  last  few  years  the  heaviest  rains  have  occurred  during  July,  August,  and 
September,  particularly  the  last  two  months.  During  my  occupancy  of  this  station, 
beginning  August  6,  1878,  there  was  an  almost  uninterrupted  state  of  atmospheric 
disturbance,  being  cloudy  all  the  time,  often  overcast,  with  occasional  rains,  and  a 
few  heavy  rainfalls  and  high  winds  until  September  11,  when  there  was  a  sudden  and 
remarkable  change  to  a  perfectly  clear  sky,  light  winds  and  serene  weather,  which 
lasted  mitil  my  departure,  on  September  18,  except  a  few  cirro-cumuli  clouds  on  the 
17th.  During  the  period  of  bad  weather,  hardly  a  day  passed  without  a  heavy  storm 
tomewhere  between  El  Paso  and  Pueblo,  Colorado,  in  the  Rio  Grande  Valley,  or  along 
the  mountains  east  of  it.  and  telegraphic  connection  with  Ogden  for  longitude  work 
¥18  pievented  for  a  whole  month. 

Rain  fell  on  August  10, 12, 16, 19, 22, 23, 28,  and  29,  and  September  4, 6,  and  10.  On 
August  28,  there  was  a  so-called  cloud-burst,  and  about  two  inches  of  rain  fell  in  two 
hours,  flooding  the  streets  with  a  roaring  torrent.  During  the  period  of  clouds  and 
light  rains  the  wind  blew  exclusively  from  the  eastern  quarters  from  2  to  12  miles  an 
honr,  with  daily  intervals  of  calm.  On  August  26,  the  wind  shifted  to  the  western 
quarters,  blew  25  miles  an  hour,  and  again  20  on  the  28th,  when  the  cloud-burst  hap- 
pened. After  this  the  wind  blew  mostly  from  the  eastern  quarters  again  until  Sep- 
tember 11,  with  occasional  velocities  from  10  to  23  miles  an  hour,  with  calms  on  but 
three  or  four  days.  From  September  11  the  weather  was  clear  and  settled,  with  light 
winds  from  east  and  west  with  frequent  calms.  On  eight  days  there  were  thunder 
gMt«  and  heat-lightning  with  easterly  winds.  The  heavy  rains  came  with  westerly 
winds.    In  the  case  of  both  the  thunder-storms  from  northeast  and  the  heav>'  rains  from 

the  sonthwest,  the  clearing  winds  veered  from  those  quarters  towards  the  right. 

The  ni^ht  minimum  temperatures  until  September  10  ranged  from  69°  to  76°,  the 

day  maxmium  temperatures  from  80^  to  95° ;  after  September  10,  58°  to  64°  and  76°  to 

86P  respectively. 

The  hourly  barometric  readings  from  Augtist  10  to  30  afford  the  following  horary 

porve: 


Correction  to 
Bern.  barometer  reading, 

7a.m —0.041 

S  "   —0.046 

9  "   —0.044 

10  "   —0.042 

U   "    —0.025 

Km —0.004 

lp.m +0.013 

2  '*    +0.034 

3  "   +0.048 

4  "    +0.066 

5  "   +0.071 

6  " +0.061 


Correction  to 

Honra.  barometer  reading. 

7  p.m +0.039 

8  "    +0.018 

9  "    —0.006 

10  " —0.015 

11  "    —0.016 

12  **    : —0.018 

1  a.m —0.015 

2  "    —0.014 

3  "    —0.007 

4  *'    —0.013 

5  " —0.021 

6  *'    —0.033 


PERSONNEL, — OBSERVATORY. — TELEGRAPH  LINES. 

The  astronomical  observer  was  Miles  Rock,  C.  E„  civilian  assistant  engineer,  and 
the  meteorological  observer  and  assistant,  Fred.  W.  Floyd,  E.  M. ;  S.  W.  McMaster 
*»  temporarily  employed  to  assist  in  the  hourly  meteorological  readings,  and  proved 
^capable. 

The  observatory  was  a  wall  tent,  9  feet  square,  with  the  middle  seam  of  the  roof 
rippe<l,  and  fastened  apart  for  a  neridian  opening. 

The  United  States  Military  Telegraph  and  the  Western  Union  lines  were  used  ;  the 
fonner  from  El  Paso  to  Santa  F<5,  in  the  circuit  via  Denver,  and  from  El  Paso  to  Mesilla; 
tbence  to  San  Diego  in  the  circuit  via  California ;  the  latter  from  Santa  F6  and  Sau 
Kego  respectively  to  Ogden,  Utah. 

DESCRIPTION  OF  INSTRUMENTS  USED. 

The  instruments  were  the  same  as  those  used  at  the  Fort  Bayard  station,  and  for  details 
*i  the  accompanying  report  on  that  station.  The  transit  was  by  WUrdemann,  No.  28 ; 
Hotton  mean  time  clironometer.  No.  288 ;  and  Negus  bi*eak-circuit  sidereal  chrono- 
■»*ter.  No.  1344.  All  the  observations  were  made  by  the  eye  and  ear  method.  The 
BJ«aii-time  chronometer  was  earned  to  the  telegraph  office  for  exchange  of  signals,  a 
'^Jitance  of  T^  feet. 
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POINTS  WITH  WHICH  C0NNECTI0X8  WERE  MADE,   ETC. 

Robert  Reeder,  of  the  United  States  Signal  Corps^  was  the  telegraph  operator.  Two 
circuits  were  used  in  making  connection  with  the  United  States  Engineer  Observatory  at 
Ogden,  Utah.  The  first,  via  San  Diego,  Cal^  was  used  on  September  7,  8,  and  10 ; 
El  Paso  to  Mesilla,  50  miles ;  thence  to  Fort  Bayard,  100,  and  beyond  identically  the 
same  as  in  the  signals  from  Fort  Bayard.  The  total  length  of  the  circuit  was  about 
2,300  miles.  The  other  circuit  via  Santa  F^,  N.  Mex.,  was  made  on  September  11  and 
12 ;  from  El  Paso  to  Mesilla,  50  miles,  and  thence  the  same  as  in  the  signals  from  Fort 
Bayard  station.    The  total  length  of  the  circuit  was  about  1^400  miles. 

On  some  evenings  there  was  much  trouble  to  effect  commumcation,  owing  to  length  of 
line,  bad  weather,  and  other  causes,  but  finally  the  success  was  complete. 

The  battery  power  used,  as  far  as  I  could  learn,  was  as  follows :  El  Paso,  7  cells ; 
Mesilla,  14  cells.  This  is  not  a  relay  station,  but  El  Paso  is  connected  with  the  San 
Diego  or  Santa  F6  line  a8  required  by  a  switch ;  Santa  F^,  70  cells ;  Silver  City,  50 
cells. 

The  observations  at  Fort  Bliss  have  been  computed  and  arranged  as  follows,  by 
Prof.  T.  H.  Safford : 


Tabulation  of  stars  used  for  determination  of  time  at  Ogden,  Utah,  and  Fort  Bliss,  Texas, 


Og:den. 

Fort  Bli«a. 

Kame  of  star. 

1 

1 

• 

1 

1 

• 

o 

1 
1 

1 

. 

i 

X 

X 
X 
X 

• 

u 

I 

• 

u 

J 
1 
1 

• 

00 

£ 

1 

1 

• 

o 

1 

1 

1 

1 
1 

P      Sdrcnlifl .......................... 

1    .. 

o      Heroulifi  ..........................'-   

X 
X 

A         TTflrCllliS  ....r-  ...^.r-r 

** 

I 

1 

*     liVraB  .    ... ...... .................. 

X 
X 
X 
X 
X 

X 

■ 

109  Hercalis 

X 

X 

X 
X 

:::::::::: 

Y     Draconia 

X 
X 

X 

X 
X 

......'...-..    ...... 

9      He^ia  Lvno ........................ 

< 

11    Heis  LvrsB .. 

1 

Groom.  2055  

"x" 

X 

X 

X 
X 

"x 

X 

X 
X 

i 

110  Hercalia 

1 

B     LvriB 

1 

6*     LynB %......... 



1 

60    Draoonia ...... 

X 

1       V 

X 

.....a       .....a        .««•«• 

1             ; 

V      LVTfB 

X 

i 

C      Annilf^    ..- 

X 
X 
X 
X 

X 
X 
X 

X 
X 
X 
X 

I       liVTtB ... 

.«-««. 

19    LvrsB 

$     LvrsB 

6      Draconia  ..... .................... 

X 

V 

x" 

X 
X 
X 
X 

X 

t 

T     Draoonia 

X 

X 

' 

4      Cyeni 

X 

i 

ft     Cteni 

••••••     ,___,-!-.,-.- 

^.      ~ J ^•** .............................  ......  —  — 

9      CvKui ' 

^     Cvcnl.... 

w               VyjfjUl.    .....    .............    ....    ...... 

e      Cvimi 

X 
X 
X 
X 
X 
X 
X 

w           v/.»  l^ui  ............................. 

t      Draconia.......... ................ 

X 

V      SacritttB 

T      Aonilm  ........... .............rr- 

>••••• 

0     AaailsB 

1               

V      Cvmi...... ..... 

•            1  ■  "  " 

X          X 

r      v/jjsii*. .................... ..   .....,-.   — , 

w     Capricomi i 

<       De  nhini ........ 

X 

X     '     V 

Groombr.  3241 

*'"*"l 

X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 
X 
X 
X 

X 

a      DelDhlni 

,,,,,,( 

X 

a      Cvmii «... 

X 

€      Cvirni 

X 

fL     Aqaarii • 

X 

V     Cveni 

Br.2749 

X          X 

X 

«■    TJrsfB  Maioria.  S.  P 

61    Cvimi 

X     1     X 

X     

X 

c  cygni::::;::::::::: ::::;: 

X 

X 

Br.  2777 

i    X 

:    X 

T      Cvjmi ' 

! 

X 

11    Cephei ' 

X 

X 

X 

1     X 

1 

16    Pegasi 

X 
X 
X 

X 
X 
X 

17    PecaM 

1 

20    Pegaai 

1 

APPENDIX   0  0. 


2029 


Tabulation  of  ataYs  used  for  determination  of  time f  j'c, — Continaed. 
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Final  results  of  longitude. 


Signftla  sent  from — 


Sept  7, 1878: 
Ogden 

Fort  Bliss 

Sept  8, 1878 : 
Ogden 

Fort  Bliss 

Sept  10, 1878: 
Ogden 

Fort  Bliss 

Sept  11, 1878: 
Ogden 

Fort  Bliss 

Sept  12, 1878 : 
Ogden 

Fort  Bliss 


Recorded  at — 


Ogden 

Fort  Bliss. 
Ogden  — 
Fort  Bliss 

Ogden  .... 
Fort  Bliss 
Ogden  . . . 
Fort  Bliss 

Ogden  . . . 
Fort  Bliss 
Ogden  — 
Fort  Bliss 

Ogden  . . . 
Fort  Bliss 

Ogden 

Fort  Bliss 

Ogden  — 
Fort  Bliss 

Ogden  

Fort  Bliss 


i. 

•3  p 

M 


h.  tn. 

21  54 
13    6 

22  11 
13  24 

121  1 

12  9 

21  19 

12  28 

21  8 
12  9 
21  30 
12  31 

21  10 
12  6 
21  17 
12  14 

21  19 
12  12 
21  25 
12  18 


i 


8 


«.  h. 

14.00- 
58.95+9 
38.63- 
20.00: +9 


m.    «. 

2  58.71 
6  19. 78 
2  58.75 
6  22.71 


0.00-  ^2.20 
48.03+9  10  13.30 
45.58-  3  2.24 
30.00i+9  10  16.45 

52.00-  3  2.27 
36.91+9  18  16.52 
55.29-  3  2.26 
36.00|+9  18  20.23 

2.  Oo'—  2  59. 61 
46.45+9  22  19.37 
29.02-  2  59.60 
12.00+9  22  20.61 


38.00-  2  57.40 
21.23+9  26  22.67 
45.97-  2  57.39 
28  00+9  26  23.70 


h.  fn.    i. 

21  51  15.29 

22  18  la  73 
22  8  89.  88 
22  30  42.  71 

20  57  57. 80 

21  20  1.33 
21  16  43. 34 
21  38  46. 45 

21  5  49. 73 
21  27  53. 43 
21  27  53.  03 
21  49  5«.  23 

21  7  2.39 
21  29  5. 82 
21  14  29. 42 
21  86  32.  61 

21  16  40. 60 

21  38  43  90 

21  22  4H.  58 

21  44  51. 70 


81 


5 


m.  «. 
22  3.44 
22  2.83 


22  3.53 


22  3.11 


22  3.70 
22  3.' 20 


22  3.43 


22  8.19 


22  3.30 


22  3.12 


S 


i 


a 


m.  §, 


0. 61 22  3. 135 


0. 42   3. 320 


0. 50   3. 450 


0.24 


3.310 


0. 18  22  3. 210 


Final  difference  of  longitude :  22^    3».285  ±  0«.036. 

or,  5^  30'  49".27     ±  0."54. 

Sabtractin^  this  from  the  longitude  of  Ogden,  111°  59'  54".64  as  given  in  Vol.  II, 
page  489,  of  the  quarto  reports  of  this  survey,  wo  obtain  106°  29^  5".37  lor  the  longitude 
of  Fort  Bliss;  that  is,  for  the  astronomical  monument  in  the  public  square  of  the  vil- 
lage of  £1  Paso,  £1  Paso  County,  Texas. 

The  personal  equation  between  Mr.  Rock  and  Professor  Safford  was  thus  determined 
by  an  apparatus,  by  Ave  groups  of  observations. 

Rock — Safford. 

1879.  •. 

First  group,  April  14,  p.  m — 0.142 

Second  group,  April  15,  a.  m *..  — 0.026 

Third  group,  April  15,  a.  m ; *..  -f- 0.051 

Fourth  group,  April  15,  p.  m 1 i..  4-0.083 

Fifth  group,  April  15,  p.  m i..  +0.255 

Mean.i ^..  -f- 0.044 


This  value  has  been  neglected  as  too  uncertain.     The  numbers  (with  t«heir  proper 
signs)  are  to  be  applied  to  the  clock  corrections  given  by  Professor  Saffbrd. 
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20^1 


Jt  place  of  aUtrs  for  1878.0.  used  for  the'  determination  of  latitude  of  Fort  Bliss,  Tex, 


t 

'  Declinatloii.   *§ 

1 

Na  B.  A.C. 

! 

• 

1 

Right  As- 
elision. 

No.  B.  A.C. 

1 

Right  As- 
oenaion. 

Declinatioxi. 

& 

• 

S 

h.  m.  t. 

y 
o  /   "I! 

h.  m.  #. 

O    '     H 

<n43 

A. 

18  1  34 

+  9  32  52. 2 

7213 

AA. 

20  42  39 

86  2  85.2 

8185 

A. 

8  2 

54  15  1. 8 

7256 

AA. 

49  21 

27  35  40.1 

6203 

A. 

11  51 

42.7  6.8 

' 

7271 

A. 

20  52  33 

10  22  9. 5 

6231 

A. 

15  8 

91  54  30. 5 

k 

7332 

C. 

21  0  4 

52  48  1.7 

6251 

A. 

18  30 

21  42  55. 8 

7365 

A. 

6  29 

53  3  55.3 

6268 

A. 

20  13 

39  26  30. 0  I 

• 

C. 

20  54  10 

16  21  3.0 

6300 

A. 

24  32 

23  47  10. 6 

7301 

A. 

55  41 

47  2  42. 6 

7345 

A. 

21  2  24 

47  9  3L  2 

6348 

C. 

30  28 

56  57  9. 4 

. 

1 

D. 

30  43 

634  55.0  1 

7368 

AA. 

7  45 

29  43  3&1 

7390 

B. 

12  54 

34  23  7.5 

'  T 

C. 

33  1 

43  7  8.9 

6387 

A. 

40  32 

20  25  50. 4 

7410 

A. 

15  33 

23  20  34. 0 

7474 

A. 

24  25 

23  6  17. 4 

s 

C. 

43  21 

31  37  9.4  ! 

7521 

A. 

32  3 

39  51  67. 7 

6427 

A. 

45  19 

32  24  41. 1 

I 
1 

1 
I 

7555 

C. 

36  41 

54  19  4. 1 

6460 

A. 

50  9 

4  246.8 

7561 

AA. 

38  12 

9  18  58.6 

6463 

AA. 

49  24 

59  14  22.2 

r 

C. 

43  26 

88  4  55.6 

6476 

C. 

51  34 

48  42  27. 2 

7627 

AA. 

47  31 

25  21  6.3 

6487 

AA. 

54  5 

14  54  14.0 

1 

7641 

A. 

50  59 

11  29  52. 1 

4 

1 

D. 

57  9 

50  21  43.0 

7676 

B. 

57  22 

52  17  40. 2 

6528 

A  A. 

18  50  48 

13  41  0. 2 

7688 

AA. 

21  59  31 

-  0  54  42.8 

6553 

A. 

19  2  49 

32  18  3a  3 

1 

7700 

A. 

22  0  15 

+  64  2  0.7 

6571 

A. 

7  5 

31  4  5L  5 

1 

7723 

A. 

4  8 

5  35  58.6 

6509 

A. 

12  8 

37  55  1. 9 

r 

7749 

A. 

6  87 

57  36  0. 8 

6637 

1 

A. 

17  51 

26  1  46.0 

1 

7796 

A. 

15  31 

11  35  27. 7 

6667 

A. 

21  45 

86  4  26.7 

7815 

A  A. 

18  46 

51  37  5. 5 

6690 

A. 

25  48 

27  42  16. 3 

1 

7855 

A. 

26  16 

49  39  20. 2 

6709 

A. 

29  13 

19  30  29. 4 

' 

• 

B. 

34  49 

13  54  2&9 

6731 

C. 

32  51 

44  25  33.0 

1 

1 

• 

C. 

85  17 

53  12 

'      6734 

A. 

83  10 

49  56  21. 1 

7908 

A  A. 

35  23 

10  11  4L  9 

.  1 

C. 

35  26 

13  82  1.4 

1 

7932 

A. 

38  39 

41  10  45. 4 

6748 

B. 

35  56 

54  41  15.8 

7945 

A. 

40  39 

22  55  26L5 

6802 

AA. 

44  50 

8  32  50.3 

7958 

A. 

44  7 

23  57  88.0 

6833 

AA. 

49  19 

6  6  11.6 

1 

7984 

B. 

48  31 

39  43  35.7 

6847 

B. 

50  47 

57  12  14. 8  ! 

,■ 

7995 

B. 

51  5 

49  4  56.6 

i      6893 

A. 

19  58  11 

6  56  5.2 

i 

8034 

AA. 

22  58  41 

14  32  56.9 

6976 

A. 

20  10  33 

56  11  4L  3 

8059 

B. 

23  2  13 

48  37  52. 9 

1 

8082 

A. 

658 

48  44  28.7 

6979 

A. 

11  34 

24  17  46.8 

, 

8128 

A. 

14  4 

41  24  37. 5 

7008 

A. 

15  50 

39  1  9. 7 

8160 

A. 

19  17 

22  43  57. 4 

7d62 

A. 

23  19 

48  58  45. 0 

8177 

A. 

21  47 

5  42  32.2 

7085 

A. 

26  17 

48  32  31. 8 

8188 

B. 

24  24 

57  52  35. 3 

7091 

A. 

27  33 

48  48  82.4 

8233 

AA. 

83  41 

4  57  54.2 

7107 

B. 

29  36 

14  15  16. 4 

8268 

A. 

41  6 

57  58  20.9 

n2i 

A. 

31  50 

14  10  18. 6 

n60 

A. 

85  34 

14  8  59. 8 

1 

8310 

A. 

48  18 

56  49  13. 9 

7173 

A. 

37  46 

14  38  16. 8 

8331 

AA. 

53  8 

6  U  16.8 

>  112  Heis  Ophinchi. 
« 14*  Heis  LyriB. 
•26   Heis  Ljrtd. 

*  179  Heis  Draoonis. 

■  67  Heis  Aqailie  (980). 

*  80  Heis  Delphini  (1254). 
^  194  Heis  Cygni  (1382). 

*  PiasKi  XXlf  186  (No.  1519). 
•30*  Heis  Lacerte. 
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Date. 


li 


h 


LeT«L 


N.       8. 


9d 


Corrections. 


llCicr.  and 
I      refr. 


LatitBia. 


LoTeL    Merid. 


August  29, 1878  . 


August  25, 1878 


6734 


6883 
697t5 

7062 
7085 
7091 
7173 


14.906 
12.882 

6.058 
28.358 

15.471 
40.798 
25.373 
21.799 


7345 

7368 
7399 

[7410 
7474 
7521 

7f«i5 
7561 


7627 

7641 
7676 

7723 
7749 

7796* 
7815 

7855 


7958 
7984 

7995 
8034 
8050 
8082 

8128 
8160 

8177 
8188 
8268 

8310 
8831 


6427 

6667 
6690 

6833 
6847 

6893 
6076 

7271 
7332 
7365 


ia2  !  i&o 

13. 4  I  22. 0 

8. 8  '  29. 6 

16.8  22.2 

1^2  '  21.4 

16.0  23.6 

16.0  23.8 

23.2  16.8 


o    / 


n 


1        /        n 

-i-  1    2.9 


// 


-2.6 


31  44  24. 2 

31  34    6. 9  jH-11  82. 6       -8. 1 

31  42  42.3  j+  2  48.1  {    +a  1  | 


/ 


O        I       n 

31  45  Il4  ^ 


31.4 


19.212  I  14.0 

19. 123     22. 2 

i 

2.828  '  24.0 
37. 836  ,  17. 8 


25.2 
18.4 


31  46  33.7  :-  0    2.8       -2.3 

{  i 

-18    7.3  1     40.4 


17.0  ,  32  J  3740.2 
23.4 


17.971 

3.448 

84.705 

15.453 
22.867 


4.0 
6.0 


87.0] 
35.0 


28.0     18.0 


10.0 
15.4 


19.843  23.0 

24.013  I  19.4 

7.452  20.0 

28.862  19.0 


10.546 
2a  893 

28.681 
13.800 

23.740 
20.241 

22.183 
11.772 

&096 
15.134 
34.150 
27.876 

8.554 
40.560 

40.624 
86.113 
80.521 

83.784 
4.847 

16.762 
18.868 

84.494 
8.708 

27.794 
12.802 

18.971 
25.298 

82.604 
10.366 


26.4 
14.4 

25.0 
13.4 

23.4 
26.6 

19.8 
20.0 

15.0 
20.8 
17.8 
19.0 

26.0 
25.6 

1&8 
19.0 
20.2 


24.2 

27.8 

34.4 
55 

22.8 
26.^ 

18.2 
55 

17.6 
27.0 


29.246     22.4 


9.724 
25.106 


37.6 
87.6 


30.8 
24.8 

ia2 

22.0 

21.8 
23.2 

15.4 
27.8 

17.8 
28.2 

19.8 
16.0 

23.4 
22.6 

27.4 
21.0 
24.0 
22.8 

14.4 
16.0 

22.8 
23.0 
2L8 


29.8 
26.4 

19.8 
—0.5 

82.8 
29.0 

88.0 
—0.5 

89.0 
29.4 

88.4 
18.2 
18.4 


31  29  25.4 
31  49  19. 1 
31  43  19.3 
31  54  4.3 
81  36  15. 4 
31  36  35.2 

31  47  13. 7 
'31  50  56.2 

81  41  20. 0 

32  4  37.0 
81  49  19. 8 

81  80  84.6 
81  46  40. 0 
32  1  6.8 
31  53  34.6 
81  39  26.8 
81  34  7. 1 
31  89  19.7 


fl6^10.8 


4  7  42.2 


-  1  48.7 


-  523.4 


-I-  4  15.9 


-19    9.4 


-  8  47. 0 


-f  14  57. 2 


-  1    5.4 


-15  56.2 


-  8    L2 


+  5  5L8 


-I-U80.7 


4-  6    7.5 


-7.4 


-  3  34.8  -9.4 

I 

|4-  2    9. 5  +0. 7 

I  1 

-  8  29.7  I  -1.9 
4-  9  14. 3  -0. 7 


-2.4 


4-*.4 


-1.9 


-2.4 


4-6w6 


-2.1 

0. 

-L8 

H-2L7 

-  4.0 

+1L1 

-  7.4 

4-2.6 

t 


2&f| 
SIS 

S&8| 

2i.i\ 

a.7i 
31  45  2I.9 
3144115l0] 
31  45  29.4 

a.s 

ti2 

80.2 

n.8 

8S.3 

SL8 
SSi4 

3145SSi8 


*8ome  error;  I  cannot  find  what  it  is. 
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ObaervaUons  and  eompukiHons  for  latitude  of  Fort  Blisa,  Tex. — Continued. 
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Bate. 


lust  25, 1878 


EBst  27,  1878 


7627 

7641 
7676 

70S8 
7084 

7905 
8034 
8082 

6599 
6637 

6667 
6600 

6734 


cunt  29, 1878  . . 


6833 
6847 

6803 
6976 

*7062 

*7085 

[*7001 

7107 

7173 

7213 
7256 


7301 
7345 

6203 
6235 
6251 

6268 
6300 

6348 


6528 


6553 
6571 


if 


LeveL 


N. 


1&463 

4.640 

35.798 

14.564 
21.823 


32.6 
33.0 
10.0 

17.0 
81.0 


17. 679  ■  27.  2 
21.930  I  24.0 


9.893 
26.681 

20.506 
10.165 

0.061 
16.271 
28.660 

33.185 
7.836 

7.830 


33.0 
4L4 

27.2 
23.0 

25.0 
30.2 
53.0 


23.8 
23.6 
47.2 

40.4 
26.0 

29.8 
33.2 

25.2 
17.2 

32.8 
37.2 

35.6 

30.2 

7.0 


28. 4     23.  8 
22.6  I  30.0 


25.8 


23. 610     44. 0 


ia088 
20.020 

15.064 
26.634 

32.266 
10. 317 


26.0 
42.2 

24.8 
35.4 

23.8 
33.2 


20.822     35.0 
44.208  I  34.4 
30.567] 
4.563 


26.8 
7.2 

26.4 
10.2 

28.0 
16.8 

20.8 
10.8 

10.0 
10.6 


27.207 

21.4<13 
13.786 

17.156 
10.535 
17. 119 

3.140 
33.055 
21.707 

10.607 
27.111 

1&472 
10.341 

20.458 
18. 413 

3.765 
84.063 

13.083 
26.431 

16.832 
ia652 

34.612 
3.763 

20.624 
13.598 


4.2     50.0 
28.8     26.0 


34.8 
29.0 

23.4 
22.8 
21.2 

35.4 
32.2 
30.0 

20.6 


19.8 
26.0 

31.8 
32.4 
34.2 

37.0 
40.0 
42.2 

43.2 


35. 0     87. 6 


2a^ 

7.0 

24.0 
15.8 

28.0 
13.2 

18.6 
15.0 

16.6 

20.8  I  25.8 

19.8  '  26.4 
16.4     30.0 


18.8 
38.4 

22.3 
30.2 

18.2 
33.0 

27.8 
3L4 

20.6 


14.0 
26.4 


32.0 
10.8 


o  a 


31  ^  50. 7 


31  49  19. 3 


31  43  19. 6 


31  54    4. 5 


Corrections. 


Micr.  and 
refr. 


Level. 


+12  33.1 


-  3  45.5 


+  2  12.0 


-  8  41. 4 


Latitude. 


Merid. 


31  50  56. 4   -  5  24. 0 


31  44    &  2 


+  1  20.8 


-13    7.3 


31  58  37. 0 

31  53  35. 0   -  8  10. 1 

31  44  24. 7    +1    0. 0 


31  39  26. 7 
31  34  7. 5 
31  36  28. 5 


31  49  24. 9 
31  43  52. 2 

31  58    6.7 

31  37    0. 4 
31  46  11. 6 

31  46  40. 5 

32  1    6.9 
31  38  44.8 

31  48  32.0 

32  1  33.3 
31  41  54. 7 


+  5  50. 4 

+11  21. 7 

+  0  7.5 


-  3  5a4 
+  143.4 

-12  32.0 

+  8  32.6 

-  0  27.0 

-  1  3.5 
-15  41. 1 
+  6  54.6 

-  3  0.8 
-15  5a  2 


-  a7 


-  3.7  ! 
+  0.0 

-  6.1 
+  5.5 

-0.0 
+1L1 

+  0.8 

+  4.7  I 

i 

+  2.3  I 

-  LO 


+  5.6 

-  6.1 

-  3.6 

-5.0 

-  6.0 

-  3.9 
-3.1 
-7.9 

-  5.6 

-  8.2 


+  3  3a  2     -  3. 5 


O       I       II 

31  45  24. 1 


2ai 

27.9 
33.0 
26.3 
34.5 

2a8 
36^0 
34.5 
30.8 
3L5 
34.1 


32.1 
29.5 

30.2 

2a  0 
[37. 7J 
33.1 
22.7 
31.5 
25.6 
31.0 
31  45  20. 4 


'065  shoald  read46'. 
E»robably  22.652. 


The  instrument  probably  jumped  before  7001;  this  star  has  been  omitted. 
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Ob$ervation$  and  c(nHputati<m8  for  latitude  of  Fort  Blimi,  Tex, — Contmned. 


Komber  of 
star. 

Micrometer 
readings. 

LeveL 

Half  snm  of 
declination. 

Correctiona. 

Date. 

^- 

8- 

Micr.  and 
refr. 

Level.    Merid. 

1 

Latitud 

1 

1 
• 

O      1      II 

/           // 

1 

"1                              0      /     - 

Angnst  29, 1878 

6509 
6637 

83.435 
7.954 

40.0 
3.4 

6.4 
43.4 

31  58  37. 3   -13  IL  4 

-  2.0    31451 

6667 
6600 

10. 314 
25.768 

2a4 
14.0 

18.2 
31.8 

31  53  35.3  ;-  7  50.7 

-  2.4    

S 

6979 

7008 

1 

10.460 
21. 810 

16.8 
21.2 

2&8 
25.4 

313944.5  +552.5 

-  5.0    

X 

1 

1 

7062 
7091 
7107 
7121 
7173 

24.171 

34.037 

8.093 

3.275 

30.374 

22.4 
21.8 
15.8 
15.6 
18.0 

24.4 
25.4 
30.2 
30.2 
29.0 

31  37  44. 6  +  7  5L  8 

1 
1 

-  5.0 

t 

1 

7213  1 
7256 

2L539 
13.999 

18.0 
22.0 

29.0 
25.8 

31  49  25. 4    -  3  54. 2 

1 

-  4.6    

I 
1 

a 

(*) 
7301 
•7345 

•13.067 
1L524 
18.035 

21.8 

21.0 

126.2 

26.2 
26.8 
26.8 

31  43  52.8   4-  1  42.1 

-  a.1  T 

7555 
7561 

22.988 
15.728 

32.4 
3.8 

16.6 
45.6 

31  49  20. 3   -  3  45.  5 

1 
i 

-  ai  

9 

7641 
7676 

&583 
25.016 

16.8 
25.6 

33.0 
23.6 

31  64    6.7    -  8  3a4 

-  4.4    

3 

# 

7723 
7749 

9.362 
27.404 

27.2 
9.0 

21.6 
39.8 

31  36  16.  6   -f  9  20.  4 

1 
-  7.0    

S 

7796 
7815 

27.435 
10.089 

20.6 
16.2 

28.4 
31.8 

31  36  36. 6  +  8  58. 8 

-  7.3  1 

i 

S 

7958 
7984 

17. 051 
27.166 

24.2 
14.8 

25.0 
34.0 

31  60  57.5  j-  5  14.2 

-  6.2  ' 3 

1                1 

• 

7995 
8034 
8082 

28.533 

21. 113 

&338 

31.0 
23.4 
13.2 

ia8 
2a  2 

35.4 

31  44    9. 2   +  1  23. 2 

1 

j 

-  2.4 

3 

8128 
8160 

44.745 
7.523 

32.6 
30.4 

17.6 
19.4 

32    4  38.3    -19  lai 

+  ai  i         3 

8177 

8188 
8233 
8268 

3.926 

8. 303 

46.945 

13.845 

16.8 
23.0 
16.8 
24.0 

33,6 
27.2 
34.0 
26.8 

31  38  11. 1  4-  7  28. 1 

-  6.4 

3 

8310 
8331 

6.926 
35.964 

24.2 
17.2 

26.2 
34.0 

31  30  35.  6   +15    1. 9 

-  5.8 

3 

ATignst30, 1878 

6143 
6185 

10.976 
27.619 

27.4 
1&8 

12.6 
22.2 

31  54    5. 2   -  8  36. 9 

-f  2.9 

3 

6203 
6231 
6251 

42.846 
12.851 
24.319 

7.4 
42.0 
35.8 

-2.6 
4.2 

31  58    6.8 

-12  33.5 

-f  3.9 

S 

i 

6268 
6300 

27.459 
1L116 

16.4 
28.0 

23.6 
12.0 

31  37    0. 6 

4-8  27.6 

-f  2.7  a 

1 

6348 

17.623 
16.558 

15.6 
31.3 

23.0 
8.0 

31  46  11. 7 

-  0  33.1 

+  4.9    

4 

"6528 

13.117 
44.084 

21.4 
38.0 

18.6 
2.0 

32    1  33.6    -16    1.8 

1 

+12.0 

i 

6553 
6571 

26.903 
33.607 

23.0 
25.8 

17.8 
14.6 

31  41  54.  9   +.  S  2&  1 

+  5.1    

4 

6599 
6637 

15.  767 
41.051 

20.2 
32.8 

20.8 
8.6 

31  58  37.  4 

-13    5,3 

+  7.3    

1 

3 

6667 
6690 

38.150 
22.537 

23.4 
24.0 

18.0 
17.6 

31  53  35.  5   -  8    4. 9 

+  3.7    3145: 

1 

*Beadl 

8.067. 

t 

21.2  26 

.8  seems  the 

correct le^ 

relreadi] 

ae- 

APPENDIX   OO. 
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ObservoHons  and  camputaHoM  for  latitude  of  Fort  Blin,  Tex. — Continaed. 


II 


30,1878 


ember  1, 1878  . 


6463 
6460 

*Micr.  diiC  20'.  in  error. 


1.1 

« 


6709 
6731 

16.707 
4L338 

6748 
6802 

19.363 
36.127 

6833 

6847 

33.096 
2L427 

*6893 
6976 

14.673 
16.485 

6979 
7006 

34.464 
23.072 

7062 
7091 
7107 
7121 
7160 
7173 

19. 178 
9.280 
34.910 
39.675 
t39.992 
12.723 

7213 
7266 

26.964 
34.530 

'  "Tsoi' 

7345 

29.419 

:30.774 

29.220 

7368 
7899 

6.371 
4L461 

7555 
7561 

15.972 
23.374 

7688 
7700 

19.093 
41.302 

LereL 


ia772 
35.773 

6.080 
40.632 

31.159 
20.740 


19.168     19.0  !  27.2 

26.  526     40.  4  I     6. 4 

§44.247     11.2     35.2 


7723 
7749 

7796 
7815 

7932 
7945 

7958 
7984 

7995 
8034 
8059 
8082  \      39.013 

8128  I  5. 160 
8160  I      42.048 

8177  1146. 160 
8188  40. 081 
8268         34. 527 

8310  43. 543 
8331         14. 843 

6203 
6231 
6251 

6268 
6300 


N. 


23.2 
24.0 

13.4 
35.0 

20.8 
23.2 

20.0 
30.0 

9.0 
23.8 

18.6 
17.8 
29.8 
29.2 
29.0 
29.4 

21.0 
27.0 

32.0 
16.8 
16.0 

27.6 
33.0 

15.8 
29.0 

19.0 
3L0 


38.558     18.2 
2a  791     30.  6 


21.6 
32.8 

25.8 
36.0 

27.6 
20.0 


9.2 

19.2 
26.8 


8. 


18.0 
17.6 

28.2 
7.4 

22.0 
19.2 

22.4 
11.6 

33.4 
18.4 

24.0 
25.0 
13.4 
13.8 
13.6 
13.2 

22.8 
17.6 

12.6 
27.8 
28.6 

18.0 
12.4 

29.8 
16.8 

26.6 
13.4 

27.4 
16.0 

24.0 
13.0 

20.2 
10.0 

18.4 
26.0 


37.8 

27.6 
20.0 


16.0  I  30.0 
31.0  '  15.0 
30. 2     15.  8 


27.0 
25.8 


20.0 
21.4 


39. 107     32.  0     25. 8 

9.188  I  26.4     31.4 

20. 534     24. 4     83. 2 


28.208 
11. 491 


lao 

20.8 


40.2 
28.0 


20.643  I  21.2  I    8.0 
3a  525  i  1&  6  I  11. 2 

t40'.992. 


e  fl 


Correcti<ni8. 


o    /       // 
31  66  1&  3 

31  87  17. 2 


Micr.  and 
refr. 


LeveL 


12  45.0 
+  8    9.6 


31  39  27. 2  +  8    2. 4 


31  84    a  1  l+ll  17. 5 


31  39  44. 7 


31  36  12.4 


+  658.8 


+  9  14. 3 


• 


31  49  26.6   -  8  65.0 


31  43  52. 9   +  1  35. 6 


32    3  4L7 


31  49  20. 5 


31  33  68.1 


-18    9:9 


-  3  49. 9 


+U  29.8 


31  36  16. 8   -h  9  IL  8 


31  36  36. 8   +  8  48. 0 


32    3  26.8 
31  50  57. 8 

31  41  2L  6 

32  4  38.6 
31  49  20. 8 

31  30  36. 0 
31  58    7. 0 

31.37    0.8 

31  38  46.1 
:35'.774. 


-17  53.2 


-  5  23.6 


-19    5.7 


-  3  47. 1 


+14  61. 4 


+  8  39. 2 


-f  6  40.1 


+  3.0 


+  2.4 
+  2.4 

+  9.4 
-0.6 
+  3.1 
+  2.0 
+  6.4 
+  9.8 
+  LO 


+  4    &  9     +  4. 3 


-0.5 


+  0.4 


+  3.6 


-12  33.1  i  -  0.2 


-  6.3 


+  6.4 


Merld. 


II 

+  3.6 

+  4.0 

+  0.9 

+  6.0 

-  6.9 

Latitade. 


O         I  H 

31  46  33. 9 
30.8 
30.6 
30.6 
32.6 
29.7 


33.0 
30.9 

4L2 
30.0 
31.0 
30.6 
30.2 
43.4 
36.2 
32.8 


32.4 


r  34.1 


30.9 


33.7 


38.  T 


$46'.247. 


31  45  81.  6 
li  44'.616.  ? 


2056  REPORT   OP   THE   CHIEF   OP   ENGINEERS. 

Ohservati&ns  and  compuiaiioM  for  laUtttde  of  Fort  BlUs,  Tex, — Continaed. 


Date. 


September  1, 1878  . . 


o 


6476 
6487 


September  2, 1878 


6528 

6S53 
6671 

WOO 

wan 

6600 

6709 
6731 


7301 
7345 

7474 
7621 

7555 
7561 


September  4, 1878 


7627 

7641 
7676 

$7688 
7700 

7723 
7740 

117796 
7815 

7855 
7012 

7082 
7945 

7058 
7084 

7005 
8034 
8050 
8082 

8128 
8160 

8177 
8188 
8233 
8268 

118310 
8331 

6348 


(**) 
6387 


s2 


Level. 


N. 


25.253  I  10.4 
3L154  :  l&O 


S. 


40.637 
0.043 

26.001 
20.145 

40.473 
14. 730 

17.772 
33.500 

118.087 
18.128 


12.0 
0.8 

*10.0 
18.0 

25.4 
2&4 

21.4 
19.0 

2ao 

15.0 


:25.093  25.4 

32.166  1  35.0 

25.658  I  32.0 

11. 832  29.  0 

42.444  2&4 


2L892 
28.964 


16.2 
13.0 


24.355  I  25.6 


2&456 
16.064 


16.0 
23.8 


82. 651     23. 0 


20.112 


23.6 


38. 474  I  16. 8 


34.603 
16.729 

26.702 
33.901 

20.295 
23.633 

40.050 
5.465 

22.471 
82.815 

35.549 

28.300 

9.430 

15. 718 

44.621 

7.818 

4.008 


1&2 
20.4 


10.4 
11.8 

17.8 
20.6 

11.0 
12.4 

5.8 
8.0 

10.0 
12.6 

8.6 
16.8 

17.0 
6.8 
9.2 

13.0 
14.2 

26.6 
20.8 

17.8 
22.4 

19.8 
20.6 

18.8 
27.0 

25.2 
23.4 


23.4  '  20.6 


16.0 


28.0 


12.0     32.0 


30.8 

18.2 
15.6 

24.4 
21.4 

26.4 

ao 

35.0 
36.2 

26.0 
30.2 

1&6 


8.590  I  26.6 
47.043  16.2 
14.156  ;  25.0 

9.909  I  35.0 
36.688     39.6 


26.153 
25.301 

22.712 
25.797 


20.4 
2.6 

18.8 


6427 


41.415 
11. 189 


13.4 

26.4 
29.0 

20.4 
23.8 

16.6 

37.6 

10.0 

9.4 

19.8 
15.8 

29.2 
10.4 
20.6 
20.8 

11.8 
36.4 

16.0 
34.0 

18.0 


13.6  i  22.4 


il 


Correctioiis. 


o    /       // 
31  48  32.5 


Micr.  and 
refr. 


/      It 

3  a3 


32    1  33.8  -15  53.4 

31  41  55. 2  -f  3  20. 8 

31  68  37. 7  -13  10, 3 

315335.8  -8    8.5 


31  58  16. 6 


-12  65.2 


31  43  53.6   +  1  27.6 


31  29  27. 6 
31  49  21. 2 
31  43  21. 6 
31  54  &  5 
31  83  58.8 
31  86  17. 4 
31  36  37. 5 


4-15  50.8 

—  3  39.7 
-f  2    7.4 

—  8  35.2 
+11  34. 6 
4-  9  15. 2 
+  8  54.2 


Lev^.    ICerM.' 


Latitude. 


31  47  16. 0  i—  1  43. 7 


32  3  27.6 
31  50  5&  6 
31  41  22. 4 


-17  64. 2 
—  5  21. 3 
+  4  10. 6 


32    4  39.3   -19    3.1 


31  38  12. 1 

31  30  36. 7 
31  46  12. 2 


+  7  19. 6 

+13  51.8 
—  0  26.5 


+  4.7 

-  5.1 
+  4.5 
-1-14-0 
+  5t5 
-1-7.0 
+10.5 

+  9.4 

-  8.4 
+-  0.4 
+  2.0 

—  L7 

—  3.1 


—  2.9 


-  8.4 


31  46  4L2  :-  1    4.8  I  —  2.5 


32    1    7.7  1-15  3a8  i  —  0.3 


o     /      " 
31  45  33.1 

i 


AS] 
8t4 

32.l| 
S7.4' 
3LT 

27.8 
33.1 
2914: 
311 
81.  T 

28.8 
3L5 
M.7 
37.8 
30l4 


[S7.3] 
819 
31  45  2&e 


24.4     12.2 
11.6  i  24.8  ' 

*  Should  read  20.0  11.0.        1 38'. 087.        :  26'.092.        §Diff.  22'.362.  not  12'.362.        ||  DifT.  17M9e,  not  T'.IW 

IF  Level  onintelligible.  **  Diff.  2'.085  instead  of  3'.085. 
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Ohmervatunu  and  computatunu  for  latitude  of  Fort  BUss,  Tex, — Contiuued. 


Date. 


o 
u 


ber4,1878 


6463 
6460 

6476 
6487 


6528 

6563 
6571 

6509 
6637 

♦6667 
6600 

t6709 
6731 

:6833 

6847 

7091 
7107 
7121 
7160 
7173 

7218 
7256 


7301 
7845 

7410 
7474 
7521 

7555 
7561 


7627 

7641 
7676 

7688 
7700 

7723 
7749 

7796 
7815 

7855 


7932 
7945 

7958 
7984 

7995 

$8034 

8050 

8082 


1^ 


LeraL 


N. 


S. 


30.863 
17.642 

27.337 
21.347 

9.135 
39.969 

23.605 
30.653 

11.453 
3&800 

30.961 
19.362 

13.266 
27.852 

22.381 
24.155 

41.082 
15.260 
10.460 
9.229 
37.460 

27.919 
2a  398 

24.831 
18.375 
24.956 

25i488 

89.246 

&225 

29.016 
21. 736 

24.953 
20.754 

33.872 
17.336 

85.717 
13.236 

1&235 
34.132 

85.115 
18.003 

29.502 
25.834 

10.532 
45u202 

20.465 
19.093 

15.634 
22.933 
41.967 
85.723 


18.8 
14.0 

4.4 
29.0 

15.8 
26.8 

20.4 

7.8 

15.8 
24.4 

30.0 
—0.6 

24.0 
10.0 

27.8 
48.2 

l&O 
16.0 
16.0 
16.0 
16.2 

14.8 
19.2 

12.4 
29.6 
29.4 

14.0 
11.4 
21.4 

15.4 
15.6 

25.6 
20.8 

14.4 
19.4 

9.2 
20.6 

18.0 
12.6 

12.0 
30.8 

34.0 
22.6 

1&8 
24.6 

18.6 
19.2 


1&4 
2L8 

32.6 
8.0 

21.6 
1L4 

16.6 
29.4 

21.8 
18.0 

7.2 
3&0 

13.6 
27.4 

9.8 


21.0 
22.4 
22.0 
22.0 
21.6 

23.4 
20.0 

27.0 

10.0 

ft8 

24.8 
27.6 
17»6 

22.6 
23.4 

13.4 
18.0 

24.8 
19.6 

29.8 
18.8 

21.0 
26.8 

27.4 
9.0 

5.6 
16.8 

23.2 
16.0 

21.0 
20.6 


1§ 

0  (8 


Corrections. 


3 


O       I      II 

31  38  45. 5 


Mior.  and 
refr. 


+  6  50.6 
-  3    6.0 


31  48  32.8 

32  1  34. 2 
31  41  55. 6 
31  58  3&1 
31  53  36.3 
31  C8  16. 1 
31  39  28.0 
31  33  40. 3  :+ll  53. 8 


—15  57. 7 
+  3  36.1 
-13  7.2 
-  8  4.5 
-12  48.6 
+  6    5.7 


31. 0  a  8 
54.0  34.4 
21.4  I  lao 
21.6  i  18.6 


31  49  26.7 
31  43  54.0 

31  33    2.1 

31  40  2L  6 
3148  22.2 
31  54  7. 0 
31  33  50.2 
31  86  17. 8 
31  36  38.0 

31  47  16. 5 

32  3  2ai 
31  50  59. 1 
31  41  22. 9 


-  3  53.6 
+  1  38.3 

+12  29. 8 

-  3  46.1 
+  2  10. 4 

-  8  38.6 
-f-ll  88.3 
+  9  15. 9 
+  8  5L5 

-  1  53.9 
-17  56.8 

-  5  22.2 
+  4  13. 9 


Biff.  15'.699. 


8128  6.377  I  14.0     26.2  I 

8160  I      43. 829  I  30. 4  i    9. 6 

tDiff.  24^586.  tDiff. 


32    4  39. 8   —19    7. 7 

I 

11'.  774.  f 


LeveL 


Merid. 


H 

-  2.3 

-  2.2 
+  2.7 

-  5.5 
+  1.7 

-  4.9 

-  2.2 
+22.4 

-  2.8 


-  2.9 


+  1.6 


8.0 


—  4.7 


+  4.7 


—  3.3 


—  5.8 


—  5.3 


+  2.0 


+-10. 6 


+  1.0 


-  1.2 


—  6.4 


Latitude. 


Q      I        II 

31  45  33.8 
24.6 
39.2 
26.2 
32.6 
26.9 
30.3 
[r56.1] 
31.3 


+  2.7    31  46  34.8 

§  Level  should  read,  5.4  34.4. 


30.2 
33.9 

28.9 

30.8 
37.3 
30.1 
31.7 
28.4 
81.5 
33.2 
32.3 
35.7 
30.4 


2068 


REPORT  OF  THE  CHIEF  OF  ENGINEERS. 


Observations  and  computations  for  latitude  of  Fort  BlisSf  Tex, — Continued. 


1 

Micrometer 
readings. 

LeveL 

Half  sum  of 
declination. 

Corrections. 

Date. 

N. 

S. 

Micr.  and 
refr. 

Level. 

Merid. 

Latitude. 

September  4, 1878  . . 

8177 
8188 
8233 
8268 

*8310 
8331 

46.881 

42.248 

3.812 

86.727 

20.415 
1L638 

23.2 
4&0 
21.4 
15.0 

17.4 
19.6 

17.0 
22.2 
10.2 
26.0 

23.8 
2L0 

O     '       // 
31  38  12.5 

31  30  37. 1 

/     // 
+  7  19. 2 

+14  68. 8 

-  LI 

-  2.4 

o      /        •/ 
31  45  30. 6 

31  45  28.5 

*Diff.  28'.777. 
Discussion  of  latitude — Fort  Bliss, 


No.  of  combi- 
nations. 

1 

No.  of  obser- 
vations. 

No.  of  stars. 

Latitude. 

Correction  to 
micrometer. 

42l 

r 

5^ 

No.  of  obser- 
vations. 

• 
o 

• 

1 

Latitude. 

Correction  to 
micrometer. 

Date  reject- 
ed. 

o        /          // 

II 

O         1           II 

// 

1.... 

1 

2 

81  45  31.2 

-0.60 

20... 

5 

7 

31   45  31.40 

+0.57 

2.... 

8 

8 

33.70 

-0.88 

21... 

4 

2 

80.48 

-0.28 

3.... 

8 

2 

3a  87 

+0.60 

22  .. 

1 

3 

29.8 

+0.43 

4.... 

3 

2 

[39.50] 

-0.04 

23... 

6 

8 

31.07 

+  0.09 

5.... 

8 

2 

33.43 

-0.08 

24... 

1 

2 

83.3 

-1.27 

Aug.  30. 

6... 

2 

2 

30.20 

-Lll 

Aug.  29 

25... 

4 

3 

27.40 

+1.00 

7.... 

3 

2 

32.30 

-fO.48 

26... 

6 

2 

80.72 

-0.26 

8.... 

8 

2 

2a  37 

-0.21 

27... 

4 

2 

81.37 

+0.15 

9.... 

3 

2 

35.47 

-1.12 

Aug.  30 

28... 

5 

2 

82.00 

-0.60 

10.... 

4 

2 

28.30 

+0.24 

29... 

3 

2 

81.47 

+0.81 

11.... 

5 

2 

31.42 

-0.92 

80... 

5 

2 

29.32 

-0.65 
-  0.62 

12. . . . 

6 

2 

32.52 

-0.57 

31... 

4 

2 

29.62 

Aug.  24. 

13.... 

3 

2 

30.53 

-0.90 

32... 

3 

2 

31.37 

-0.13 

14.... 

2 

2 

29.50 

+0.07 

33  .. 

2 

2 

29.50 

-1.25 

Aug^SO. 

15.... 

1 

2 

30.8 

+0.57 

34  .. 

6 

2 

83.83 

-0.38 

16.... 

(*) 

(*) 

35... 

6 

4 

81.03 

+0.22 

17.... 

3 

2 

30.17 

-f-0.41 

Sept.   4 

36... 

4 

2 

32.80 

-L34 

Sept.    2. 

18.... 

4 

2 

30.08 

+0.80 

37... 

5 

4 

3L06 

+0.20 

19.... 

2 

2 

32.30 

+0.34 

38... 

5 

2 

80.78 

+L04 

Pair  ii  place  of  star  ^  uncertain.  *  Not  observed. 

Final  latitude,  31o  45'  31'M4  ±  CM?. 

NoTR. — The  bell-tower  of  the  cathedral  in  El  Paso,  Mexico,  and  the  boundary  monument  on  the  righ 
bank  of  the  Bio  Grande,  five  miles  above  El  Paso  on  the  parallel  of  31^  47',  were  connected  with  the 
Fort  Bliss  astronomical  monument  by  trian^ulation. 

The  same  i>oint8  were  located  by  the  Mexican  Boundary  Commission  in  1852  and  1855. 

Their  longitudes  were  derived  *fh)m  ihat  of  the  observatory  at  Frontera,  determined  by  Mqj.  W.  H. 
Emory  from  observations  of  moon  culminations  on  38  nights  during  4  lunations ;  and  ft*om  that  of  the 
observatory  at  San  Elceario,  determined  by  Lieut  W.  F.  Smith  fVom  similar  observations  on  32  nights 
during  5  lunations ;  each  corrected  by  half  the  difference  (0*.645>  between  the  astronomical  difference 
(!<■  8'.59)  and  the  assumed  absolute  dmerence  of  loncitude  {V^  7'.30),  as  determined  by  56  signal  fiaahes 
of  gunpowder  simultaneously  observed  at  the  two  places  during  4  nights,  thus : 


Station. 

Astronomical 
determination. 

Correction 

due  to 

flashes. 

Fiiud  value. 

In  arc. 

Frontera Yobservatorv)  .............. 

h.  fn.      9, 
7    06    13.02 
7    05    04.43 

-  00.65 
+  00.64 

=  7    06    12. 37 
=  7    05    05. 07 

O           1             II 

=  106    33    05.55 

San  Elceario  (observatory) 

=  106    16    16.05 

Front«ra  is  about  8  miles  above  and  San  Elceario  22  miles  below  El  Paso. 

The  longitude  of  Sr.  Salazar's  observatory  in  El  Paso,  Mexico,  was  determined  by  M^for  Emory  by 
63  signal  flashes  during  4  nights  to  be  15'.94  east  of  Frontera.  Hence  it«  longitude  is  7^  5'"  56*.43.  or 
106°  29'  6".45.  Its  latitude  was  determined  by  Sellor  Salazar,  the  principal  Mexican  engineer,  to  be  31° 
44'  15".7  north. 

The  bell-tower  of  the  cathedral  is  500  feet  (5".79)  east  and  200  feet  (1".98)  north  of  Salazar's  observa- 
tory (Mexican  boundary  report,  ptage  141 ).    Henc*  its  longitude  is  106°  29'  0".66,  and  latitude  31°  44'  17".68. 

l^e  longitude  of  the  initial  point  of  the  boundary  on  the  parallel  of  31°  47',  in  the  Rio  Grande,  was 
derived  from  Frontera  by  a  trigonometric  survey  oy  J.  H.  CJlark,  American  assistant  surveyor,  given 
106°  31'  26".50  (page  190,  vol.  1  of  report).  The  monument  on  the  right  bank  of  the  river  is  2''.7  west  of 
the  initial  point  as  derived  from  the  values  of  the  longitudes  of  these  two  points  given  in  table  E,  page 
244,  of  Mexican  boundary  report.  The  resulting  longitude  is  106°  31'  29".20.  Its  latitude,  31°  47'  0", 
depends  on  tliat  of  the  astronomical  station  on  the  left  bank  of  the  river,  determined  by  J.  H.  Clark  by 
108  observations  on  22  pairs  of  stars,  with  the  zenith  telescope,  to  be  31°  40^  51".29. 
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Can^Mrisan  of  the  two  determinatioM, 


ptermioation. 


I 


|ry  CommiBsion  * 

ptographical  survey 
bendian 


£1  Paso  eathedral  (bell-tower). 


Latitude. 


O  '  II 

31  44  17.68 
31  44  14.85 


Longitude. 


o        '  // 

106    29      0.66 

106    28    fi9.24 


Boundary  monnment  on  right 
Sank  of  river. 


Latitude. 


o       /  // 

31    47      0.00 

31    46    68.28 


Longitude. 


o       /         // 
106    31    20.20 

106    81    83.49 


liition  of  points  see  sketch  herewith. 

ianyiug  plate  shows  the  positions  of  the  astronomical  station  of  1878, 
las,  Tex.,  of  the  initial  astronomical  station  of  the  Mexican  Boundary 
Ind  also  one  of  its  derived  positions  at  Frontera,  as  well  as  that  of  the 
Doment  on  the  west  bank  of  the  Rio  Grande. 

IICAL  STATION  AT  FORT  BAYARD,  IX  GRANT  COUNTT,   NEW  MEXICO. 

Geographical  position. 

108P  OQ'  08".77  west  from  Greenwich. 

JO  47'  40''.35  north. 

altitude  of  the  observatory  above  sea-level  (top  of  monument,  which  is 

S097  feet. 

ent  is  situated  on  the  summit  of  a  rounded  hill  of  svenite  rock  Just  out- 

"angle  of  the  post  at  its  western  comer.     It  bears  U'om  the  flag-staff  in 

:»und  south  69^  24'  0",  and  is  636  feet  distant  from  it.  and  the  top  of  its 

32  feet  above  the  surface  at  the  flag-staff  and  6,094  feet  above  the  level 

ent  is  built  of  brick,  18  by  22  inches,  on  a  solid  rock  foundation,  a  foot 
face  and  29  inches  high  above  the  surface  (exclusive  of  the  thickness  of 


PHYSICAL  GEOGRAPHY  DETAILS. 


I  lies  at  the  axis  of  an  anticlinal  vallev  at  the  backbone  of  the  continent, 
I  fracture  of  tjie  arch  of  an  elevated  fold  and  denudation  by  weathering 
ms  20  miles  apart,  on  the  east  the  Santa  Rita  Mountains,  and  on  the 

0  and  Pinos  Altos  Mountains.  At  Bayard  syenitic  rock  forms  the  hills, 
th  eastward  and  westward  newer  and  newer  rocks  come  successively  to 
Thus,  towards  the  east,  schists  and  gold-bearing  slates  (at  Central  City) ; 
L  copper-bearing  sandstones ;  limestone;  quartzite  and  sandstone;  gold- 
magnetite  and  hematite  iron  ores  in  massive  beds :  copper-bearing  schists, 
[lestone,  and  white  marble  at  Santa  Rita  and  Hanover  copper  mines; 

limestones  (Georgetown) ;  dikes,  and  superincumbent  beds  of  volcanic 
rds  the  west  there  is  a  similar  succession  of  rocks  up  to  the  gold-bearing 

1  Altos  and  the  silver-bearing  limestones  at  Silver  City. 

in-troui^h  is  diversified  by  a  succession  of  rounded  hills  and  rolling  ridges 
le  of  which  have  flowing  water,  except  the  large  vale  in  which  Fort 
ated,  and  a  still  larger  one  at  the  east,  Hanover  Valley.  At  some  places 
iden  into  tables,  and  at  others  there  are  narrow  rooky  ridges  and  ravines, 
es  at  the  foot  of  low,  rouud  syenite  hills,  at  the  head  of  a  vale  that  opens 
id  is  drained  by  a  rivulet  that  flows  by  Central  City  and  in  a  few  miles 
Brook. 

d  slopes  are  thinly  covered  by  juniper,  pine,  and  oak  trees  20  to  40  feet 
and  gnarled.  There  is  good  pasturage,  especially  in  the  long,  winding 
e  water  drains.  The  landscape  is  sweet  and  restful ;  with  the  quiet,  green 
rith  wild  flowers,  and  vistas  of  the  mountains  thi*ongh  the  picturesquely 
"ouped  trees  near  and  deep  blue  to  the  north,  east,  and  west,  and  distant, 
d  vanishing  to  the  south  beyond  the  hazy  plain ;  the  Burro  Mountains 
the  Pinos  Altos  to  the  northwest;  the  Black  range  to  the  north;  Santa 
cneeling  and  supplicating  at  the  foot  of  an  inaccessible  precipice,  to  the 
ndas,  grandly  high  and  melting  blue,  to  the  southeast;  and  the  Boca 
acheta  Mountains,  over  the  border  in  Mexico,  far  and  faint  and  dreamy. 
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Form  No.  12. 


Signals  sent  from —      Recorded  at — 


September  26 : 
Qgden 

Fort  Bayard 

September  27 : 
Ogdcn 

Fort  Bayard.... 

September  30 : 
Ogden  

Fort  Bayard 

October  1: 
(^den 

Fort  Bayard.... 

Octobers: 
Ogden  

Fort  Bayard.... 


Fort  Bayard 
Ogden 

Fort  Bayard 
Ogdcn  

Fort  Bayard 
Ogden  

Fort  Bayard 
Ogden  

Fort  Bayard 
Ogden  


a 
^-: 

S  "* 


h.  fit.  9. 
22  14  30.  Oo; 
VI   11  3.36 
22  22  18.  aj 
12  18  50.  00 

22  7  30.  00 
12  0  4.32 
22  14  7.04 
12  6  40.  00 

22  31  30.  00 
12  12  2. 17 
22  54  22. 15 
12  34  50.  00 

22  56  35.  00 
12  33    3. 39 

23  2  43. 16 
12  39  10.  00 

22  21  30.  00 

11  50  6.18 
22  31  26. 16 

12  0    0.00 


s 
o 


o 


is 

o 


a 
o 


©  a- 


a 

> 

eS 
St 

« 

•a 


% 


A.  tn.    «. 

—  2  34.  75 
+  10  16  15.29 

—  2  34.  74 
+  10  16  16.59 

I 

—  2  ;J3.  56 
+  10  20  15.25 

2  33.  56 
+  10  20  16,21 

—  2  28. 21 
+  10  32  23.04 

—  2  28. 18 
+  10  32  26.88 

—  2  2a  42 
+ 10  30  28.  50 

—  2  26. 42 
+ 10  36  29.  53 

2  22.  32 
+  10  44  24.95 

—  2  22.  30 
-f  10  44  26.  60 


h.  fn.  9, 
22  11  55. 
22  27  18. 
22  19  43. 
22  35  06. 

22  4  58. 
22  20  19. 
22  11  33. 
22  26  50. 

22  29  1. 
22  44  25. 

22  51  53. 

23  7  16. 

22  54    8. 

23  0  31. 
23  0  16. 
23  15  39. 

22  19  7. 
22  34  31. 
22  29  3. 
22  44  2& 


in. 
25 

65 15 
89 
5915 

44' 
5715 
48 
2115 

i 
79 

2115 
97 
8815 

58 

8915 
74 
5315 

I 
68 

1315 
86 
6015 


9. 
23.40 
22.70 


\  0.70   15  23.050 


23.13 
22.73J 

23.42 
22  91 


^  0. 40   15  22. 830 


0. 51   15  23. 165 


23.31 
22. 79  J 


^  0. 52   15  23. 050 


23.45 
22. 74  J 


\  0.71   15  23.095 


Final  difference  of  longitude:  15"».  23«.058  ±  0-.0-25,  or  ?P  50'  45".87  ±  0".38. 
Subtracting  this  value  from  the  longitude  of  Ogden  avS  given  in  the  quarto  report, 
we  find  108<^  9'  8".77  for  the  longitude  of  Fort  Bayard. 
For  the  personal  equation,  see  report  on  geograi)hical  position  of  Fort  Bliss. 
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Mtan  place  of  stars  for  1678.0  used  for  the  determination  of  latitude  of  Fort  Bayard,  X,  Mex. 


B.A.*C.^^***1 


ILA. 


Dcclinationi 


No. 
B.A.C. 


Class. 


R.A. 


Declination. 


1 
6626 

A 

;   6642 

B 

'   6647 

B 

1   !)■ 

C 

2) 

C 

6697 

A 

6723 

A 

6748 

B 



6772  1 

AA 

6783 

B 

6799 

C 

6833 

AA 

6852 

B 

6867 

C 

6893 

A 

1   6926 

A 

6934 

A 

6966 

A 

;   6986 

B 

6996 

B 

7022 

A 

1   3) 

C 

'      7146 

A 

1   7149 

AA 

A 

7200 

A 

7220 

A 

7255 

A 

7275 

A 

;   7290 

A 

7333 

A 

7356 

A 

4) 

C 

7402 

A 

7418 

AA 

5) 

C 

7455 

A 

6) 

C 

7480 

A 

7) 

C 

7.544 

A 

7585 

A 

7598 

!  A 

h.  7n.  s. 
19  15  22 
19  18  53 
19  19  16 

19  21  57 
19  23  45 
19  26  38 
19  31  10 

19  35  .57 
19  40  28 

19  41  57 
19  43  53 

19  40  19 
19  51  24 

19  .'iS  36 
19  58  11 


20  42  48 
20  49  34 

20  52  49 

20  53  57 

21  0  30 
21  5  2 
21  11  47 
21  13  54 


21 
21 
21 


1«  27 
16  55 
20  51 


21  23  20 
21  24 
21  25 


5( 


•••••< 


70U6 


21  35  24 
21  40  28 

21  42  17 
21  44  20 


12) 
13) 

14) 


20  2  16 

20  5  1   15) 


20  10  6 
20  12  35 
20  13  48 
20  17  51 
20  26  45 

20  33  25 
20  33  58 
20  38  27 
20  41  0 


o   '    //  1 

49  20  37.  6 
16  42  5.2 
16  43  10.7 

14  2  14.1 
14  20  47.  2 
51  28  13.4 

50  58  31.4 

54  41  15.  8 
10  19  1.9 

18  14  4.0 
47  36  24.  6 

6  6  11.6 
59  23  10.  4 

58  31  14.  8 
6  56  5.2 

67  31  32.  5 
—  1  10  55.  9 

25  13  13.8 

39  59  18.  0 

40  21  8.  5 
39  52  1.  3 
25  23  39.  2 


10) 


1,7) 


17) 


15  24  38.8 
15  28  57.  9 
49  54  8.  6 

15  41  8.  6 

61  21  54.8 
4  4  4.1 

21  51  18. 1 
43  59  48.  0 
43  26  30.  3 

21  57  30.  8 
43  43  44.  3 
43  25  59. 1 

19  17  0. 0 

46  12  37.  9 

46  11  10.  6 

46  1  49.  8 

46  0  11.2 

45  53  31.  2 

42  43  13.  6 

22  23  13.  7 

48  44  43.  8 

16  43  8.  6 


7681 
7705 
7712 

7723 
7759 

7777 
7798 

7814 
7837 

8)   I 
7914 

79.12 
7958 
8023 

8071 
8083 

8131 
8160 
8229 

8243 
9) 

8300 
8322 
8330 

8 
10) 

58 
109 

142 
153 

173 
229 

201 
11) 
213 

222 
244 
2.54 

288 

334 
345 


c 

B 
A 

h.  m.  9. 

21  58  1 

22  1  6 
22  2  7 

o   /    '/ 

44  3  45.  0 
44  25  17.  8 
21  6  34.9 

t 

22  4  3 

22  8  0 

5  35  53.6 
60  9  22.0 

A 
A 

22  10  39 
22  15  41 

37  8  30. 1 
27  42  59. 3 

A 

B 

22  19  3 
22  23  10 

14) 

0  45  32.  0 
64  30  37.3 

B 
A 

22  34  03 
22  36  2 

18) 

36  57  28.6 
28  40  16. 2 

A 
A 
A 

22  38  39 
22  44  7 
22  56  19 

41  10  45.4 
23  57  2a  0 
41  40  14.  0 

A 
A 

23  3  53 
23  7  25 

9  9  39.6 
56  29  41. 4 

A 
A 
A 

23  14  36 
23  19  17 
23  32  9 

23  4  21.8 
22  43  57. 4 
42  35  33. 8 

A 

C 

23  35  49 
23  36  36 

19) 
17) 

1  6  31. 5 
63  50  20. 2 

A 

C 
B 

23  46  24 
23  51  0 
23  52  50 

1 

10  16  7.4 
55  1  38.0 
55  4  32.8 

B 

C 

0  2  45 
0  5  36 

1 

17  32  1.5 
47  28  22.2 

A 
A 

0  11  57 
0  23  41 

36  6  31. 4 
29  4  43.2 

B 
A 

0  28  36 
i    0  30  11 

1 

12  42  1. 9 
53  13  30. 6 

A 
A 

0  34  31 
0  43  20 

1 
1 

38  47  19.  5 
27  2  44.3 

B 
C 
B 

0  38  21 
0  39  7 
0  40  40 

20) 

54  33  11. 1 
54  38  16.  0 
11  18  29.  5 

A 
C 
B 
A 

0  42  21 
0  47  46 
0  49  25 
0  56  37 

15) 
13) 

6  55  14.  2 
58  18  41.3 
58  31  17.  3 

7  13  58.4 

A  A 
1  ^ 

1  2  54 
1  4  23 

34  58  24.2 
30  46  31.  0 

l)Sd.939. 

2)  Sd  946. 

3)  43*  Heia  Vulpeciilir. 

4)  Groom.  3420. 

5)  Groom.  3438. 

6)  Sd.  1318. 

7)  Sd.  1323. 

8)  28  Heis  Lacei  iir. 

9)  Groom.  4130—  Dm.  63°  2038  C.  S. 

10)  Groom.  9  =-  S<1. 1735. 

11)  Groom.  137  =  Pi.  0.168. 

12)  This  star'H  declination  has  been  coirectcd 


l>y 


—  0."8  by  the  German  Society's  new  cataloffue  de- 
pending upon  newer  observations ;  it  will  now  be 
classed  A. 

13)  Declination  from  mean  of  G.  and  B. 

14)  Declination  from  B. 

15)  Declination  from  G. 

16)  Declination  only  approximate. 

17)  Declination  only  approximate  ftrora  R.  C. 

18)  Declination  from  Main  71  —  2  —  3 ;  three  ob- 
servations which  do  not  ajn'ee  well. 

19)  From  American  Ephemeris  for  1881.  p.  336. 

20)  Position  from  a  preliminary  discussion. 
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Obaervaltona  and  computations  for  latitudCy  Fort  Bayard,  N,  Mex, 
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[>ato. 


s  * 

B 

"A 


u 

Z  « 

•-I 


Level. 


N.        S. 


Corrections. 


Micr.  and 
refr. 


Level.    Morld. 


r4,  1878. 


66H7 
«72;j 

06748 
a6772 

0783 
6799 

6833 
6852 

6867 
6893 

6966 
6986 
7022 

7149 

7182 

67200 

7220 
7255 

7275 
7290 
7333 
<j7356 
7402 

7418 
74.V5 
7480 

7544 
7585 

7598 
7606 

7723 
7759 

7814 
7837 


7914 

7958 
8023 

8071 
8083 

8131 
8160 
8229 

(f8243 


8.300 
8322 
8330 

8 


23.989 

37.702 

9.025 

9.581 
43.823 

16.803 
31.917 

21. 475 

26.  715 

28.025 
20.772 

39.055 
17.6.53 
10.642 

29.725 
18  446 
17.762 

28.880 
20.  513 

24.  5,56 
8  5.'>8 
40.687 
30.  510 
41. 172 

33. 453 

27.  3.52 
16.717 

11.  .517 
38.519 

27.046 
20.  714 

29.457 
18.984 

34  945 
17.  302 

20.762 
23.501 

19.923 
16.777 

23.637 
28  349 

34.0.54 
14.:{64 
28  708 

43.024 
6.808 

18.948 
35.000 
32.238 


15.0 
37.0 
32.0 

28.6 
17.0 

28  6 
17.0 

25.6 
26.0 

30.0 
15.8 

27.8 
26.0 
25.2 

15.2 
32.4 
30.8 

16.6 
34.0 

31.2 
17.0 
15.6 
31.8 
17.2 

1.5.  6 
38.0 
37.6 

13.2 
386 

35.8 
23.0 

23.2 
37.8 

22.6 
33.4 

38.6 
21.8 

34.2 
16.0 

24.4 
27.4 

37.8 
38  4 
15.6 

1.5.6 
16.  J 

34.0 
20.6 
27.4 


35.0 
13.2 
18  4 

22.0 
33.0 

22.0 
32.8 


32  47  22. 1    +0 


32  30  2a  8    +17 
32  55  33. 4    —  7 


25. 4     32  44  59. 2    +  2 
25.0 


21.  0     32  43  50.  0    +  3 
34.2  I  ! 


19. 4     -  0.  4 


12.5     -2.9 

49. 4     —  SS.  9 

I 

42.8       h  0.4 
45.  3     -  2.  9 


22.8 
24.8 
'25.4 

3.5.4 
18  6 
20.6 

35.0 
17.6 

20.6 
35.0 
37. 0 
20.6 
35.0 

36.6 
14.4 
14.8 

ri8.0 
14.0 

16.0 
29.6 

30.0 
15.2 

31.4 
20.4 

15.4 
32.2 

18  8 
37.2 

28  6 
25.6 

1.5.6 
1.5.8 
39.0 

38.4 
38.0 

21.0 
25.  4 
27.4 


32  34  48  4    +12  53.6     +1.7 


32  44  58.  8    +  2  44.  6     —  0.  5 


32  43  22. 1     h  4 

I 

32  46  19.  9    +1 


19.  0     -  0.  6 

20.  9     -  2.  5 


32  41  4a  2    f  5  54.  7      +  0. 7 


32  33  40.4     ,13 

I 

32  44  22.  9    +3 

32  53    4. 4    -  6 

32  38  31. 2    +9 

I 
32  49  21.  2    -  1 

32  49  19.  9    -  1 

I 
32  50    9. 0    -  2 

I 

32  45  20. 9     h  2 

I 
39  28  53.  7     r  18 

I 

32  40    4. 9    +7 


58  7     -  0. 1 

ia7    +4.1 

25.2       1    4.9    . 

I  I 

!  1 

8  0       I    1.3    . 


41.3      +4.0 

37.7      -  1.8 

I 

! 

26.  4     —  0.  7 

i 

19.  7     —  0. 3 

I 
44.  9  0.  0 

35.7     +4.7 


32  30  40.6    +16  58  3     —  1.4 


42.892     31.8     24.2 
1 10.108     22.0  I  34.0  i 

I  difference  sboald  be  33'.242. 

I  hikve  as8iinie<l  the  level  reading  for  7200  =  20.6  N.  30.8  S. 

Poeiilbly  the  middle  point  betwe<'n  7354  and  7356  im  taken ;  in 
[  I  suppose  one  level  was  misread ;  I  don't  know  which. 


Latitude. 

o     '       " 

32  47  41.1 

3&4 
41.1 
42L4 
41.4 
43L7 

42.9 

4L4 

3&3 


4L6 

30LO 
43L7 
44.1 
40.5 
43L» 
40.4 
4L9 
40.3 

3&ft 
45l3 

32  47  37.S 


this  caAo  add     .3  to  roaalt. 
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Ohservatiofu  and  computations  for  latitude f  Fort  Bayard,  X.  Mex. — Continued. 


o 
6  • 

9 

'A 

Micronioter 
readings. 

'      Level. 

1 
o 

Half  sum  of 
declination. 

5         ! 

Corrections. 

Date. 

N. 

S. 

,  Micr.  and 
refr. 

1 

! 

1 

Level.    Merid- 

r^fjii 

/      // 

//                              '       0     ' 

October  4, 1878 

58 
109 

14.129 
36.464 

33.2 
20.8 

23.6 
35.6 

32  36    6.1    +11  33.7 

—  1.6    3247 

i                                 1 

142 
153 

16.822 
37.112 

16.0 
40.0 

40.2 
16.2 

32  58  14. 2   -10  30. 2      —  0. 1 

1 

1 
1 . .,.,,.. 

October  0,  1878  .... 

6748 
6772 

9.965 
43.146 

27.0 
22.6 

24.0 
29.0 

32  30  26. 9 

+  17  10.6 

-1.1 

1 

.••...•■              < 

6833 
6852 

28.762 
23.571 

20.0 
30.6 

31.6 
21.2 

32  44  59.3 

-r  2  41.2 

-0.7 

< 

6867 
6893 

20.  945 
28.086 

23.2 
26.4 

28.8 
25.4 

32  43  59. 2   +3  41. 8 

—  1.4 

: 

1 

6966 
6986 
6996 
7022 

11.648 
33.  0.55 
11.929 
40.  018 
21.  749 

24.6 
31.2 
31.2 
33.0 

18.8 

36.8 
21.0 
20.8 
19.0 
34.8 

32  41  40.1    +6    1.4 

'  —  0.9 

1 

1 

i 

7146 
7149 
7182 
7200 

15.690 
19.847 
30.930 
31.560 

32  43  14  9    -I-  A  ^«  ft 

\   t\ 

25.0 
26.8 
25.0 

29.0 
27.6 
29.0 

1 

t 

7220 
7255 

20.440 
28.847 

41.2 
17.8 

13.6 
36.4 

32  43  22. 3 

+  4  21. 1      +  2.  8 

7275 
7290 
7333 
7356 
7402 

25.  605 
41.551 

9.429 
19.  624 

8.931 

17.6 
38.4 
44.0 
11.4 
39.6 

37.4 
16.6 
11.0 
44.2 
11.6 

32  46  20. 1    +  1  22. 1 

+  0.4 

7418 
7455 

"**7486 

17.538 
23.624 
32.  6.'>9 
34.288 

42.2 
9.4 

8.0 

14.0 
46.4 

52+ 

32  41    7.  9 

+  6  33.0 

—  4.7 

7544 
7585 

38.439 
11.398 

32.2 
24.0 

24.6 
32.8 

32  33  40.7    +13  59.9 

—  0.4 

7598 
7606 

22.904 
29.  252 

3.3.0 
12.6 

24.0 
44.4 

32  44  23. 1    +3  17. 2 

—  6.9 

7681 
7705 
7712 

37.541 
16.734 
14.234 

33.6 
33.2 
25.4 

24.0 
24.4 
32.4 

32  41    1. 1 

+  6  40.8 

+  0.7 

7723 
7759 

30.133 
19.  772 

37.6 
20.0 

20.4 
37.6 

32  53    4.7 

-  5  21. 8 

—  0.1 

7777 
779 

46.605 
5.214 

22.2 
39.2 

35.6 
18.6 

32  26  13.3    +21  25.6 

1 

+-  2.2 

***79i4* 

27.653 
24.434 

39.4 
9.8 

ia6 

48.0 

32  49  21.  6   -  1  40. 0 

-  5.4 



7932 

7958 
8023 

41.362 
16. 193 
12.978 

19.2 
42.4 
12.6 

39.4 
16.6 
46.4 

32  41  58.1 

+  5  40. 9 

—  0.4 

8071 
8083 

23.  579 
28.337 

27.4 
31.0 

32.0 
2a  6 

32  50    9.3 

-  2  27.8 

-  0.7 

--• 

8131 
8160 
8229 

33.769 
13.  967 
28.364 

39.0 
34.0 
16.0 

20.4 
25.4 
43.8 

32  45  21. 3 

+  2  19. 6 

1 

—  4.4  ' 

1 

8 

43. 477 
10.684 

18.4 
35.6 

41.4 
25.0 

32  30  41.0    +16  58.«  1  —  3.8 

1-                                 1 

58 
109 

14.255 
36.580 

3a6 
11.0 

21.4 
49.0 

32  30    6.5 

■ 

+  11  33.4 

-  6.4 

32  4 

a  Level  of  6966  in  eiTor ;  I  have  used  a  mean  level  for  this  group. 
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mervatiang  and  computationa  for  JaHtHde,  Fort  Bayard^  X,  Mcx, — Coutiniied. 


Iat«. 


r7,  1878 


«v  1878. 


Ii2 
153 

173 
229 

6966 
6986 
6996 
7022 


7146 
7149 
7182 
7200 

r220 
7255 

7275 
7290 
7333 
7356 

7402 

7418 

7455 

"7480 


7544 
7585 

7598 
7606 

7681 
7705 
7712 

7723 
7759 

7777 
7798 

7814 
7837 


7914 

7932 
7958 
8023 

8131 
8160 
8229 

8243 


8300 
8322 
8330 

8 


58 
109 


is  ao 

II 


17.186 
37.500 

33.765 
1&646 

39.872 
18.553 
39.634 
11.544 
29.  023 

34.  517 
30.346 
19.234 
18.648 

28.  401 
20.  403 

24.  975 
8.9:i8 
41.111 
30.955 
24.480 
41.621 


Level. 


N.        S. 


25.6 
37.0 

29.2 
32.2 

27.2 
26.8 
25.8 
24.4 
25.0 

19.6 
19.2 
32.0 
16.0 

21.2 
30.8 

33.2 
22.4 
17.0 
35.0 
19.8 
16.4 


33.029  28.6 
28.316  26.0 
26.907  26.2 
17.881  I  24.0 


11.666 
38.772 

27.430 
21. 112 


38.2 
9.4 

26.0 
32.6 


12.750  ;  37.4 
33.  601  36.  0 
36.142  !  14.6 


19.899 
30.330 

3.949 
45.  477 

35. 212 
17.465 

26.316 
23.160 

40.449 
15.118 
12.058 

33.315 
13. 4a3 
27.938 

43.883 
7.635 

18.661 
34.753 
31.966 

42.603 
9.816 

13.772 
36.162 


26.0 
31.2 

31.0 
17.8 

24.8 
32.6 

30.0 
16.6 

29.0 
23.6 
81.8 

32.8 
26.8 
18.4 

15.0 
37.4 

30.8 
26.0 
22.8 

28.4 
29.0 

24.6 
35.6 


I 


o  a 
El 

5  ^ 


Corrections. 


Micr.  and 
refr. 


Latitude. 


Level.    Merid. 


I    o      '     //  /       /'     ,  // 

34.  0     32  58  14.  6   -10  30.  9  i    f  1. 5 
23. 6  I 

30.  4     32  55  30.  5   —  7  49.  6  ^  1. 1 
27.6 

27.4     32  41  40.1     |-  6    2.0-1.8 

28.0 

29.0 

30.0 

29.8 


35.4     32  43  15.0    -[■  4  27.2 

3.5.8 

23.0 

39.0 


2.9 


27. 8     32  40  52. 1    4-  C  49. 4     —  1. 4 
30.4  I 

30.4  i 
32.4  , 

30.4 

18.8     32  33  40.8     H4     1.9     -  5.7 
47. 2 

I 

30.8     32  44  2.3.3    +  3  16.2       F  1.2 
24.0  I  I  , 

19.4  i  32  41    1.2     I-  6  41.7  '  -  3.4 

21.0  , 

42.0  '  I 

I  t 

30.4     32  53    4.8   -  5  24.0      h  0.4 

I 

26.  0     32  26  13. 4    +21  2ft  9     —  4. 8 
38.4 

32.0     32  38  3L6    +  9  11.3     +  0.4 
24.0  I  i 

27. 0     32  49  21. 7   -  1  3a  0     -  6. 6 
41.0 

26.  2  '  32  41  58.  3    f  5  45.  9     -  1. 9 

33.8  , 

26.2  I 


26. 4     32  45  21.  4    -H  2  20. 8     —  6. 9 
32.4  I  i 

41.2  I 


I 


43. 8     32  28  54.  2    +18  45.  9     —  4. 1 
21.8 


28.4.    32  40    5.5   +  7  36.5     —  2.5    ... 

3.1.2  I 

36.6  I 

31.6     32  30  41.2    +16  58.4  !— 1.5 
30.6  I 

3.5.4     .%  36    6.7    +11  .35.4      +0.1 
24.4  1 


o     '      /' 
32  47  45. 2 

42.0 

40.3 


3ft  3 


34.2     32  43  22.4    +  4    ao     -2.5    | 

26.0  ,  ,  t 


22.  4  I  32  47    7. 6    +  0  33.  3     —  1.  8 

33.6,  , 

38.8  ' 

20.8 

36.6 

3ft  8  I  1 


2a  5 
3ft  1 


40.1 


37.0 
40.7 
3ft  5 

4L2 
3a5 
43.3 
37.1 
42.3 

35.3 

36.0 
39.5 

38.1 
32  47  42.  2 
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ObeervaiioHS  and  computations  for  laiitudej  Fort  Bayardf  X,  J/ex. — Continued. 


Date. 


October  7, 1878. 


October  8, 1878 


S« 

3 


142 
153 

173 
229 

6626 
6642 


6687 
6723 

6748 
6772 

6833 
6852 

6867 
6893 

6926 
6934 

6366 
6986 
6996 
7022 


LcveL 


N. 


15.  314     22. 4     37. 2 
35.  637     34.  6     25. 4 


33.690 
1&621 

10.562 
37.  524 


34.2 
17.4 

22.0 
36.8 


41.008 
7.767 

27.852 
22.643 

22  270 
29.  477 

2.932 
47. 207 

10.  532 
31.  924 
10,715 
3a  933 
20.  611 


32.0 
18.8 


24.2 

(6) 

30.0 
29.4 
34.0 
29.8 
26.0 


520.' 


a9^232  uned. 
1  cannot  toll  what. 


e7914  , 
&Mi8scd. 


24. 514 
2V.050 


20.0 
41.2 


25.2 
41.6 

32.6 

18.2 


o?.  232  30.  4  2.x  0 

27.116  27.6  27.8 

13.  337  21.  8  34.  0 

42.  020  19.  2  36. 6 


24.4 
38.0 


20.  0  37.  0 

35.  0  22. 2 

31. 0  26.  0 

20.  6  36.  8 


33.2 

71.  A 
2&2 
23.6 
27.4 
31.8 


7146  15. 384  31. 2  26. 8 

7149  19.547  30.6  27.2 

7182  30.636  22.6  35.2 

7200  31.349  35.0  ,  22.8 

7220  21.462  37.0  20.6 

7255  ,  29.837  15.4  43.0 

7275  25.993  32.8  26.0 

7290  41.986  26.0  33.0 

7333  9.776  23.0  36.2 

7356  1  19.929  32.4  27.2 

7402  9.283  21.8  38.0 

'  I 

7418  17.396  27.2  32.6 

22.130  26.8  32.8 

7455  23.564  23.4  36.2 

32.538  25.4  34.2 

7480  C33.125 

, '  40.505 

7544  38.903  24.4  35.0 

7585  I  11.822  32.6  27.0 

7598  I  22.991  45.0  14.8 

7606  29.350  13.6  46.4 

7681  37.792  27.8  32.6 

7705  16.967  28.0  32.4 

7712  14.500  33.0  27.6 

7723  29.759  32.6  27.8 

77p9  19.338  24.8  35.8 

7777  45.682  25.0  35.8 

7798  4.300  37.2  23.8 

7814  dl.5.364  39.0  22.4 

7837  32.036  22.8  39.0 


2     39.0 


41.2 
20.4 


c  Read  34M25. 


Latitod 


ri'fr. 


Level-    Merid. 


o     /       /' 


/      // 


O     I      i 


32  58  14.8  — 10  3L2     —  L7    32  47  4 


32  55  30.  7   —  7  48. 0     —  4.  7 


33    1  3a  3   —13  57. 4      +  2.  5 


32  42  43.  0    +4  55. 2     —  3.  8 


32  30  2a  9    +17  12.4     —3.6 


32  44  59.5    f  2  41.8  '  —  1.3  1 


32  43  5A  3     f  3  43. 8     —  3.  5 


33  10  37.  0  —22  55. 2     —  1.  8 


32  41  40.2    +6    0.9     +1.0 


3; 
41 
8 
4 


32  43  15. 1    +  4  25.  3     —  1.  8 


32  43  22. 5    -|-  4  20. 1     —  3. 5 


32  46  20. 4    +  1  2L  1     —  1. 9 


32  40  52. 3     i    6  53. 0     —  5.  3 


32  33  41.0     i  14    1.1     -  1.5 

1 
I 
32  44  23. 4    +3  17.  5     -  0.  8 

1 
I 

32  41    1. 4    4-  6  40. 0      +  0.  2 

■    I         ! 

! 
32  53    5.0-5  23.7     -  1.9 

t 
32  26  13.6    +21  25.3     f     0.8 

I 

32  38  31.8    +9    a  9     +0.1 


47 


32  49  21.9    -  1  ia8     -  0.1    1     32  48 


d  Micr.  diff.  17'.  672.  not  16'. 


€  Some  mist 


I 
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'>h9ervatio»8  and  computations  for  latilttiey  Fort  Bayard^  X.  Mex. — Contiuiied. 

,      Level. 


[>ate. 


r  8. 187« 


r  0,  1878 


o 
g  « 

'A 


7932 
7058 
8023 

O8071 
8083 

8131 
8160 
8229 

8243 


8300 
83i2 
8330 

8 


b:>8 
109 

cl42 
153 

201 

*'2i3 

222 
244 

254 

288 

334 
345 

6226 
6642 
6647 


6697 
6723 

6748 
6772 

67aT 
6799 

6833 
6852 

6867 
6893 

6926 
6934 

6966 
6986 
6996 
7022 


7146 
7149 
7182 
7200 

7220 
7255 

T.  diff  4'.764.  Dot  5^ 
not  13'. 


SO 

1^ 


9.112 
34.380 
37. 514 

27.789 
22.025 


N. 


42.0  19.2 
24. 8  ,  36.  6 
35.  0  I  26. 6 


40.4 
19.2 


21.6 
42.4 


16.916  22.8  38.8 

36.  554  24. 4  37. 2 

22.207  j  33.0  j  28.2 

&  .^94  23.  0  38.  0 

42.903  ;  26.0  I  25.0 


31.228  ,  24.0 
IJS.  129 
17.966 


6.900 
39.  703 

36.993 
13.634 

38.  8.'>4 
13.409 


37.0 
34.0  t  27.0 
35.6     25.6 


37.0 
18.6 

26.2 
34.0 


24.6 
42.8 

3,5.0 
27.2 


35.2     26.4 
31. 4     30.  0 


16. 142  31.  0  ;M).  2 

11.227  I  3L0  30.4 

32.758  i  33.0  28.4 

1.'>.483  27.0  34.4 

3,5.285  22.0  39.2 

23. 183  22.  6  38.  6 

dl3.588  37.8  24.4 


26.041 
15.924 


31.0 
30.2 


.31.4 
32.0 


10.835  I  .31.0  20.8 
37.  679  I  18.  2  34.  0 
38.743     18.0     34.0 


a  988 
26.919 
13.222 
41.  .553 

41.273 
7.983 

32.823 
17.734 


37.0  16.0 

35.  6  17.  0 

5.2  48.0 

26.4  27.2 


19.4 
30.6 

30.2 
22.0 


34.2 
23.4 

23.8 
21.4 


28.  .312      17.8  ,  36.4 
23.089     33.0     2L4 


21.5.'>4 
28.  725 

2.918 
47. 118 

11.077 
32.533 
11.  369 
39.444 
21.300 


37.0 
12.6 

28.6 
22.8 

29.2 
20.0 
25.0 
24.0 
29.0 


17.8 
42.0 

26.4 
32.0 

25.6 
35.0 
30.0 
31.4 
27.0 


1.5.310  .39.4  17.0 

19.475  39.0  18.0 

30.613       3.0  534- 

31.  248  I  49.  6  I  7.  0 

21.  5,56  33.  0  39. 4 

29.944  17.0  23.4 

h  Micr.  cliff.  22^359, 


S  w 

0  SB 

^^         Micr.  and 


CorrcctioDS. 


rofr. 


Level.    Meriil. 


Q     t       n 
32  41  58.4 


;/ 


32  50 
32  45 

32  28 
32  40 

32  30 
32  36 
32  58 
32  57 


9.6 
2L6 

54.4 
5.6 

4L4 

6.9 

15.0 

35.0 


32  45  15.  7 


4-  5  43.  7  +  1.  2 

-  2  28. 0  —  1. 4 

^-  2  20.  6  I  -  3. 0 

i 

+  18  47.8  -4.3 

+  7  30. 0  --  1. 4 

f  16  58.9  —3.7 

I 
i  11  34.5-0.6 

I 

-10  35.0  -\-  3.2 

-  9  52.  4  +  1. 6 
f  2  25.  9  -  4. 2 


32  52 

33  1 


56.0 
54.7 


5  14.  2     -  0.  7 


14  10.6     —  1.8 


32  42  43.9    -(-  4  53.  0      —0.6 


32  30 

32  .55 
[  32  44 
j  32  43 

33  10 
32  41 


M7  14.0     -2.4 


-  7  4a  7      +  2.  2 


+  2  42. 2     —  2.  2 


27.0 

33.6 

59.5 

59.4    4-  3  42.7     —  3.2 

37.1 

40.3 


1-22  52. 9     —  2.  2 


4-  0    0. 1     —  2. 0 


32  43  15.2 


+  4  17. 2     —  6. 8 


32  43 
not  23'. 


22.6 


Latitude. 


O         I      It 

32  47  43. 3 

40.2 
39.2 

37.9 
40.2 

36.6 
40.8 
43.2 
44.2 

37.4 


41.1 
42.3 

36.3 


+  4  20.5     —  4.0 

1  i  i 

c  Micr.  diff  .20'.445,  not  25'. 


38.6 
47.1 
30.5 
38.9 
42.0 
38.4 


35.6 


32  47  39. 1 
dRcad 
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Observations  and  computations  far  latitude,  Fort  Bayard^  X,  Mex, — Contiuaed. 


Date. 


October  9, 1878 


7275 
7290 
7333 
7356 
7402 

7418 

'7455" 

7480* 


7544 
7585 

7598 
7G00 

7681 
7705 
7712 

7723 
7759 

7814 
7837 


7914 

7932 
7958 
8023 

8071 
8083 

8131 
8160 
8229 

8243 


8300 
8322 
83^)0 

8 


58 
109 

142 
153 

201 
213 

244 

254 

288 

334 
345 


25.262 
41.187 

9.044 
19.244 

8.522 

ia860 

21.  529 

a27.  973 

32.  033 
33.595 

38.716 
11.677 

23.  255 
29.664 

37.  350 
16.  514 
14.006 

30.  705 
20.334 

14.164 
31.832 

23.471 
26.612 

10.  415 
35.671 
38.854 

27.114 
22.298 

16.597 
36w248 
21.922 

a  813 
42.986 

31.  425 
15.  .'139 
18.225 

7.090 
39.863 

36. ''»00 
14. 120 

33.  768 
13.398 

15.  430 
32.030 

34.764 
22.653 
33.023 

29.640 
19.  567 


Level. 

Half  sum  of 
duclinatiou. 

« 

Corrections. 

N.        S. 

Micr.  and   Tg^^i 
refr.        ^^^ 

Merid. 

Latit 

1 

0    '     // 

1 

;    0 

21.8 

33.0 
32.0 
19.2 
34.0 

32.4 
18.4 
18.0 
14.8 
13.4 

20.4 
39.0 

34.0 
11.0 


3.5.4 
24.0 
25.0 
38.0 
23.4 

25.4 
39.0 
39.8 
43.6 
44.4 

37.8 
19.6 

24.0 
46.8 


3246  20.5+122.9     — 2.3 


32  42  10.  0     I-  5  31.  3     —  5. 7 


fl3  59.  8      +0.6 

I 
I 

I    3  19.  0  I  —  8. 0 


30.  0  27.  8 

31.  4  26.  8 
25;  6  I  32.6 

42.8  15.6 

11. 0  47.  0 


32  33  41. 1 

32  44  23. 6 

1  I 

32  41     1.  5    f  6  41.  4     —  0.  8 


I 


I 


29.0 
27.8 

29.4 
20.0 

43.4 
15.0 


29.4 
31.0 

29.6 

38.8 

15.6 
43.6 


44.0  '  15.6 

28.2  31.6 
31.0  I  28.8 

3.3. 8  27.  0 
33.4  27.0 
26.0     35.0 

36.0  '  24.8 
27.0  I  34.0 

15.8  '  45.0 
[45. 0  I  16.0 


32  53  5. 1 
32  38  31.  9 
32  49  22. 1 
32  41  58. 6 

32  50  9.  8 
32  45  21.  8 


I 


5  22. 1  —  2.  7 
LI 
5.9 
0.2 


f  9    &8 
-  1  37.6 

1    5  42.  8 


-  2  29. 6     -  0. 4 

t  S 

+  2  19. 8     —  0. 7 


I 


40.2 


I 


21.0 


32  28  .54.6   +18  43.5     +1.3 
32  40    5.  8    +  7  34. 8     —  0. 1 

-  .5.3 


12.4  I  48.6 

27.  0  I  34.  0 
32.4     28.8 


I 


28.4 


33.0 


22,  0     39.  2 
36.0     25.4 


I 


27.8 
28.0 
31.0 

32.4 
29.0 


33.6 
33.0 
29.8 

28.8 
32.2 


32  49  .56.  9    -  2  14.  0     -  1.  3  1 


32  52  56.  2 


5  12.9 


+  0.1 


32  30  41.6  +16  57.9 

32  36    7.1  +11  35.1  —1.1 

36. 8  I  24. 8     32  58  1,5. 2  -10  32.7  +2.4  ; 

32  56  19.0  —  8  35.6  -2.0 


32 


a  Read  22'.  973. 
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Discussion  of  latitude^  Fort  Bayard, 
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O          1             II 

// 

O          '            /' 

»/ 

1 

2 

3 

32    47    41.0 

-  1.0 

17 

3 

2 

32    47    3a  6 

+  1.5 

O        1 

3 

4 

38.2 

+  0.2 

18 

4 

2 

39.5 

+  0.6 

3 

4 

2 

38.2 

+  1.2 

Nl9 

5 

2 

41.0 

-  0.1 

4 

2 

2 

43.7 

0.0 

20 

5 

3 

39.6 

+  0.3 

5 

4 

2 

40.3 

+  0.2 

21 

4 

2 

40.0 

-  0.2 

6 

4 

2 

41.6 

+  0.3 

22 

5 

3 

40.0 

+  0.2 

7 

2 

2 

41.5 

-  1.6 

23 

4 

2 

38.4 

+  1.3 

8 

5 

5 

40.0 

+  0.5 

24 

4 

3 

39.8 

+  0.5 

9 

5 

*4 

40.5 

+  0.3 

25 

5 

2 

38.0 

+  1.2 

10 

4 

2 

41.7 

+  0.3 

1        26 

5 

2 

39.7 

+  0.8 

11 

5 

•8 

40.2 

+  0.1 

27 

5 

2 

41.4 

-  0.7 

13 

5 

2 

40.0 

+  0.4 

28 

2 

2 

39.8 

-  0.5 

13 

5 

2 

39.7 

+  1.0 

29 

2 

3 

41.4 

—  0.6 

14 

5 

3 

39.2 

+  0.2 

30 

2 

4 

40.8 

0.0 

15 

5 

2 

40.5 

+  0.5 

31 

2 

2 

41.1 

-  0.4 

16 

3 

2 

40.1 

-  0.4, 

1 

Final  latitude:  32°  47'  40".35  i.0".18. 

In  this  station^s  work  it  was  tuuud  tliat  the  levels  were  uncertaiu.  Hence  a  cor- 
rection was  applied  to  each  result  as  given  in  the  tahlo  of  details  to  reduce  to  the  con- 
stant level  values  for  the  several  nights: 

Octol)er4,  -f  0".l. 
October  6,  —  1".4. 
October  7,  —  2".6. 
October  8,  —  1".4. 
October  9,  —  1".6. 

That  is,  the  two  observations  of  combination  1,  October  8  and  9,  where  level  cor- 
rections in  the  tables  of  details  are  -f  2".5  and  —  1".8,  respectively,  receive  the  cor- 
rections—  3".9  and  -f  0".2,  reducing  to —  I". A  and  — 1".6.  In  this  way  the  agreement 
of  the  pairs  (see  above)  is  much  improved ;  but  the  probable  error  of  final  latitude  is 
odcalated  allowing  for  the  probable  error  i;  0".12,  derived  from  the  table  just  pre- 
ceding, and  J^  0'M4  uncertainty  of  the  mean  of  levels  for  five  nights. 


The  following  table  comprises  the  latitudes  of  a  number  of  points  at 
▼hich  sextant  observations  were  made  during  1878,  and  the  subsequent 
computations  by  officers  of  the  survey,  during  the  office  season,  viz : 
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The  executive  report  of  Professor  Safford,  who  ocjciipied  the  observa- 
tory at  Ogden,  Utah,  appears  as  Appendix  H. 

Assistant  John  H.  Clark  presents  a  brief  account  of  his  occupancy  of 
three  of  the  five  main  stations.    (See  Appendix  I.) 

While  en  route  to  his  field  of  duty  in  Southern  New  Mexico,  Assistant 
Miles  Rock  found  himself  at  Santa  F6,  N.  Mex.,  within  the  line  of  shadow 
of  the  total  solar  eclipse  of  July  27, 1878;  his  observations  are  noted  in 
his  brief  report.    (See  Appendix  J.) 

It  had  been  intended  to  make  brief  mention  of  the  use  of  the  observa- 
tory by  the  French  commission  of  astronomers  sent  to  observe  the  transit 
of  Mercury  of  May  6,  1878,  in  the  report  of  that  year.  The  party  con- 
sisted of  Prof.  Charles  Andre,  director  of  the  Observatory  of  Lyons ; 
Alfred  Angot,  professor  of  physics  in  the  Lycee  Fontanes,  Paris,  and 
Monsieur  Hatt,  hydrographic  engineer  of  the  French  uavy.  The  observ- 
atory and  its  appurtenances  were  placed  at  the  disposal  of  these  gentle- 
men, and  such  assistance  a^s  was  ]>racticable  was  rendered  by  Assistant 
Francis  Klett  and  Sergeant  Hoft'mann,  Fourteenth  Infantry.  The  com- 
mission were  present  in  Ogden  from  April  2  to  May  11,  and  while  the 
observations  were  not  wholly  successful,  a  considerable  number  of  photo- 
graphs of  the  difterent  phases  of  the  transit  were  secured.  The  official 
report  showing  the  results  of  these  observations  is  awaited  with  much 
interest. 

GEODETIC   AND   TOPOGRAPHICAL. 

Five  bases  have  been  measured  in  theviciuity  of  the  following  points: 
1,  Austin,  Nev. ;  2,  Fresno,  Cal. ;  3,  Dalles,  Oreg. ;  4,  Fort  Bliss,  Texas ; 
5,  Fort  Bayard,  X.  Mex.,  and  the  development  made  therefrom  in  each 
instance. 

AUSTIN'   AUXILIARY   IIASK. 

This  line  was  located  about  I  mile  northeast  by  east  from  Austin,  and 
was  measured  for  the  purpose  of  connecting  the  astronomical  monument 
at  Austin  with  Mount  Prometheus.  The  line  was  measured  but  once,  by 
Lieutenant  Ludlow  and  Mr.  Klett.  The  measurement  was  matle  on 
stakes  driven  into  the  ground  and  aligned  for  the  purpose ;  the  difference 
of  level  for  each  fifty  feet  was  obtained  by  using  the  same  stakes  as  sta- 
tions.   The  measured  length  of  the  line  was  500  feet. 

FRESNO   BASK. 

This  line  was  located  about  5  miles  east  of  Fresno.  It  was  twice 
measured  with  a  compensated  ste-el-tape  line  (Stackpole  make);  the  tape 
wa«  daily  twice  compared  with  standard  rods.  The  measurement  was 
made  on  stools  3  feet  above  the  ground.  These  stools  were  centered  by 
plumb-lines  over  a  wire  600  feet  long,  which  was  tightly  stretched  in 
the  direction  of  the  base  line.  The  two  measurements  were  made  by 
Lieutenant  Ludlow,  Mr.  Klett,  and  Mr.  Bailey,  and  diflfered  by  0.3  inch, 
the  mean  length  being  22,227.04  feet.  The  line  was  leveled  by  Mr.  Klett, 
the  distance  between  the  level  stiitions  depending  upon  the  nature  of 
the  ground. 

DALLES  BASE. 

The  base  line  at  the  Dalles  was  selected  by  Lieutenant  Symons,  and 
was  located  northwest  of  the  town.  It  was  twice  measured  with  a  Stack- 
pole  compensated  steel  tape,  the  two  measures  differing  by  0.3  feet.  The 
Urst  measurement  was  made  by  Lieutenant  Symons  and  Mr.  Kahler; 
the  second  was  made  by  Mr.  Kahler.    The  line  was  leveled  by  Mr. 
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Kahler,  the  triangulation  instrument  being  used  for  the  puri)ose.  Stakes 
were  driven  every  50  feet  and  measures  made  upon  these  as  were  also 
the  levels.  The  measurement  reduced  for  level  and  elevation  above  the 
sea  gives  for  the  adopted  length  of  the  base,  at  sea-level,  8,639.974  feet. 
The  ends  of  the  base  were  marked  by  iron  pins  driven  into  the  ground. 
For  the  pur]}ose  of  development  large  wooden  frames  were  erected  over 
the  ends  of  the  line,  but  were  not  intended  to  be  permanent. 

FORT  BOSS  BASE. 

This  line  was  laid  out  on  a  nearly  level  plain  about  5  miles  east  of 
Franklin,  Tex.  The  ends  were  marked  by  cross-lines  on  copper  tacks 
driven  into  large  woo<len  [)eg8  which  were  firmly  set  in  the  ground. 
The  line  between  the  ends  was  carefully  grubbed  of  the  small  bushes, 
and  was  made  as  smooth  as  possible.  It  was  also  leveled  and  a  correc- 
tion determined  to  the  measured  distaixce.  The  measiu*ements,  two  in 
number,  were  made  with  a  compensated  50-feet  steel  tape  by  Stackpole, 
which  was  set  at  9(P,  the  difference  between  the  actual  and  set  temper- 
atures at  each  1,000  feet  being  noted  and  the  corresponding  corrections 
computed.  The  ends  of  each  50  feet  were  marked  by  pins  stuck  in  board 
boxes  wldch  were  firmly  fixed  by  means  of  long  iron  nails  which  wei'e 
pressed  into  the  earth.    The  results  were  as  follows : 

Temp.  cor.  Level  cor. 
Feet.  feet.  feet.  Feet. 

Tmi  niefisiirement  bv  Maxson  &  WaHiridge  . .  8, 049. 6S9  -|;  0.  &^2  -  0. 020  =  8, 050. 291 
Second  measuremeut  by  Griffin  &  Maxsou . . , .  8, 049. 789  -f  0. 512  -  0. 020  =  8, 050. 271 

Mean 8,050.281 

Rptluction  to  sea-level 1.  321 

Length  of  base  at  sea-level 8,048.900 


BAYARD  BASE. 


Was  measured  on  the  plain  west  of  the  Santa  Rita  Mountains,  near  the 
wann  springs  of  Apache  Tejo.  The  line  was  twice  measured  by  Mr. 
Nell  and  liis  assistant  Mr.  Gillette,  and  leveled  by  the  latter.  The  meas- 
urement was  made  with  a  Stackpole  compensated  steel-tape  line  of  50 
feet  length. 

The  first  measurement  gave  27,265. 968  feet. 
The  second  measurement  gave  27,2(55. 90G  feet. 

The  separate  lengths  of  the  line  were  marked  b}"  pins  on  boards  placed 
at  the  ])roper  distances  for  the  i)urpose.  The  temperature  of  the  tiipe 
was  recorded  every  1,000  feet  and  adjusted  at  the  same  intervals.  Tlie 
ends  of  the  line  were  marked  by  wooden  i>ole8  6  inches  in  diameter. 
The^ie  marks  were  not  intended  to  be  permanent. 

A  triangulation  has  been  extended  over  the  area  occupied  by  each 
party  connecting  with  that  of  previous  years,  except  the  larger  area  tra- 
versed by  the  two  divisions  of  party  1,  California  section,  about  18,000 
square  miles,  that  in  one  season  could  only  be  lairly  reconnoittaed  for 
the  best  selection  of  points.  More  than  ordinary  care  has  been  ol)S(*rv^ed 
in  selecting  the  best  points  and  in  multiplying  observations. 

The  area  covered  topographically  has  been  approximately  26,550  square 
miles,  and  is  distributed  in  the  following  basins  of  drainage: 

The  northwestern  arm  of  the  "  Grefit  Interior  Basin."  The  basin  of 
the  Upper  Klamath  liiver,  and  the  basin  of  the  Columbia  contiguous  to 
and  east  of  the  Cascade  Kange.  In  the  mountain  basins  at  the  head  wa- 
ters of  the  Tuolumne,  Stanislaus,  iMerced,  and  Feather  Rivers,  all  of 
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which  are  tributary  to  the  inland  valleys  of  California,  A  portion  of  the 
area  also  fell  in  the  basin  of  the  Rio  Grande. 

The  elevations  above  sea  at  which  the  work  has  been  carried  on  vary 
from  171  feet  as  the  lowest  to  14,000  feet,  being  White  Mountain  Peak, 
Nevada,  as  the  highest.  Land  classification  data  have  been  secured 
incidentally  to  the  progress  of  the  work.  Magnetic  observations  have 
been  secured  at  all  prominent  points.  As  usual,  connection  has  been 
made  with  boundary  monuments  and  stakes  of  the  United  States  land 
survey  where  the  latter  were  found.  The  special  survey  of  the  Great 
Salt  Lake  and  vicinity  has  been  completed  so  far  as  relates  to  its  mean- 
der and  that  of  the  islands,  and  their  contour  with  numerous  soundings 
and  observ^ations  for  surface  evaporation  have  been  made.  In  order  to 
complete  the  triangulation  and  topography  of  certain  atlas  sheets 
already  entered  upon,  viz,  20  A,  20  C,  29  A,  29  C,  38  B,  56  D,  73,  52  D, 
80  B,  84  D,  90  A,  and  90  C,  it  will  be  necessary  that  a  number  of  small 
paities  shall  take  the  field  during  a  subsequent  season  to  fill  gaps.  (See 
statement  at  end  of  office  estimate.) 

The  route  followed  by  myself  during  the  season  of  1878  was  from 
Reno,  on  the  Central  Pacific  Railroad,  to  Camp  Bid  well,  Cal. ;  thence  to 
Fort  Klamath,  Oreg.;  thence  northward  to  the  Dalles,  on  the  Columbia 
River,  and  eastward  to  Walla  Walla,  in  Washington  Territory. 

This  gave  me  an  opportunity  to  see  the  northwestern  ai^m  of  the  great 
interior  basin  and  its  approach  to  the  Cascade  Range,  the  relation 
V>etween  the  northern  Sierras  and  the  former  range,  and  to  scan  large 
interior  areas  east  of  the  Cascades,  to  note  the  extremely  desert-like 
appearance  of  Northwestern  Kevada,  and  to  encompass  as  well  within 
one  season's  observations  a  transit  of  the  luxurious  valley  of  the  Wil- 
lamette; and  thus  dcvsert,  valley,  mountain,  and  plain  were  cursorily 
examined,  and  an  opportunity  afforded  to  contnist  this  section  with  that 
of  like  altitudes  visited  in  other  field  seasons  at  lower  latitudes,  and  to 
sehect  elevated  geodetic  stations  to  the  eastward  of  the  Cascades,  to  be 
occupied  in  the  development  of  a  network  of  triangles,  extending  from 
the  Central  Pacific  Railroad  to  the  Columbia  River,  and  covering  large 
parts  of  California,  Nevada,  and  Oregon. 

Other  than  this  brief  mention  will  be  left  to  volume  l,80on  forthcom- 
ing, that  treats  somewhat  systematically  the  area  visited  by  myself 
during  the  several  expeditions. 

The  lines  of  the  earlier  exx)lorers — ^Fr^mont,  Williamson,  and  Ab- 
bott—along the  east  base  of  the  Cascades  were  followed  in  i)art,  and 
scenes  made  familiar  by  their  writings  recognized.  This  section  is 
still  an  almost  untrodden  wilderness,  unbroken  save  now  and  then  by 
the  presence  of  an  adventurous  ranchman  and  stock-raiser,  changing, 
however,  as  one  nears  the  Columbia  River,  where,  at  inten  als  of  never 
less  than  5  miles,  a  few  small  farming  settlements  appear. 
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List  of  TriangulatUm  Stations, 


Name  of  peak. 


State  or  Ter- 
ritory. 


Califomia...' 
...do 


PriiuaT>'    triangulatioii 
statioiui: 

P\Tainid 

Freel'H 

SilvtT  Lake  I  Nevada . . 

EU'ithant California 

MoKelnmno do 

Highland do 

8we<?twater do 

Sooora do  .... 

Conness |...  do 

Hoflniaim do 

Moccasin i do 

Clark do  .... 

Dfrvil'g   I . . .  do 

Scbiiltz I do  .... 

Chicioito ; do 

Lvell |....do 

Secondar>'  triangulation  , 

stations:  i 

Stevena' i  Califomia 

Car\'8 do 


California.^. 
...do 


Diinderberg ..  do 

Wade's ...  do 

Engineer do 

Cloud  Rest do 

MtTced I do 

Pilot I do 

Primary    triangulation  ' 

stat  ions : 

Buaalt j  Nevada . . . 

Paradise I...  do 

Po8ton , do 

Cory do 

I>niia !  Califomia. 

McUride | do 

White  Mountain  ...    . .  do 

Morgan : do 

Primary    triangulation 
stations : 

GriM'n  Mountain . . . 

Dead  wood 

Primary    triangulation  I 

stations : 

Wauroba !  California 

New  York  Butte  ........do  . ... 

Whitney ....do 

Olancha |....do...., 

Maturango  ' do  . 

Sunday i do 

Owen's do  .... 

Telescope | do 

Wahguybe ; . . .  .do 

Secondary  triangulation  ' 
stations : 

Corcoran 

Thunder 

Primary    triangulation 
stations: 

BigButte Idaho 

Mount  Pisgah do 

Mount  Putnam !  —  do 

Mea<le do 


56 

566 
566 
566 
566 
566 
566 
566 
5(36 
56</ 
56(/ 
56<f 
56d 
56d 
56<i 
5Crf 
56(1 
56 

566 
566 
56(/ 
56f/ 
56d 
56d 
56</ 
56(1 
57   I 

57a  I 

576 1 

576; 

57a 

57c 

57c 

57c 

57c 

64 

646 
646 
65 

65a 
65a 
65a 
65c 

6iHl 

65c 
65c 
65d 
656 
65 


(north 


,..do 


Elkhom 
point). 
Secondary  triangulation 
atations: 

PUlar  Butte 

Badger   

Bannock 

South  Putnam 

Cedar  Creek ' do 

Deep  Cieek do 

Sedgwick I do 


Idaho 
...do 
...do 
...do 


32ai 
32(1 
32d 
32(/ 
32(1 

32 

32c 

32c  I 

32c 

32<< 

32c  i 

32c 

32d 


s 

1 


// 


3d  50  34 
38  51  19 
38  51  45 
38  39  40 
38  32  9 
38  32  28 
38  26 
38  21 
37  57  51 
37  50  39 
37  48 
37  41 
37  31 
37  26  33 
37  20  47 
37  44  11 


3 
4 


8 
36 
34 


38  43  53 
38  44  10 
38  3  43 
37  51  9 
37  49  55 
37  45  53 
37  37  55 
37  45  36 


38  59  10 
38  48  16 
38  49  49 
3S  33  57 
37  53  49 
37  50  8 
37  37  51 
37  24  7 


36  34  33 
30  15  44 
36  6  56 
35  46  48 

35  44  5 

36  9  52 
36  56  4 


36  31  14 
36  4  52 


43  23  42 
43  5  34 
42  57  8 
42  29  41 
42  20  0 


42  52  58 
42  3a  1 
42  36  9 
42  55  3 
42  26  46 
42  28  13 
42  30  54 


n 


120  9  19 
119  53  50 
119  28  34 
119  59  54 
5 


o 

7i 


^ 


120 
119  45 
119  18 


30 
10 

7 


119  37  57 
119  19  6 

119  30  28 

120  19  34 
119  25  33 

119  44  17 

120  8  33 
119  25  32 
119  16  7 


119  58  44 
119  52  11 
119  16  17 
llfi  47  17 
119  23  35 
119  29  12 
119  23  31 
119  56  1 


10,011.3 
9,  970.  2 

12, 2h9. 2 
7, 153.  5 

11,23L4 
9,  772.  5 

11, 413.  3 


118  25  59 
117  49  23 

117  20  56 

118  47 

119  13 
21 
15 


118 
118 


16 
5 

13 

8 


6,  599. 2 

8, 662. 4 

11,977.7 

11, 326.  0 

13,442.7 


118  43  47 


118  17  32 
118  7  10 

117  29  50 

118  35  17 
0  0 

5  27 

6  16 


118 
117 
117 


14, 448.  4 
12,  250.  8 

•8,844 


*  10.  937 
*8,527.9 


118  14  24 
118  34  41 


14,  093. 7 
9, 121.  7 


113  1  38 

111  18  58 

112  10  10 

111  15  11 

112  19  56 


7,658.7 

9, 694.  6 

8,  9<)5.  3 

10,  540.  9 


113  13 
113  4 


9 
1 


112  42  43 


58 
35 


112  7 

113  3 
112  39  38 
111  55  40 


10, 127. 1 
10,  848.  9 


10, 418. 0 
9, 467.  2 

10,  955.  6 

11,  778. 1 
11.478.7 

12,  518. 4 

10,  871.  7 
2,  971.  3 

11,  266.  0 
6,909.9 
2,  275.  2 
8, 136.  2 

13, 190. 7 


37  15  44 
37  18  37 

119  59  20 
119  41  00 

1,  351. 7 
4,  451. 3 

37  1  8 
36  38  41 

118  0  23 
117  55  56 

11, 287. 1 

5, 301. 1 
6,  389.  0 
8,358.9 


7,  58C.  5 

8,  817. 6 
9, 207. 2 


Remarks. 


Triangulation  sheet 
No.  8. 


Do. 


Do. 


Do. 


Do. 


Do. 


Triangulation  sheet 
No.  11. 


Do. 
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List  of  Triangulation  ii^to(iofi«~Continaed. 


State  or  Ter- 
ritory. 


c 
c 


< 


o 

s 


2 


Idaho i32d   42  27  52 


Primary   triangulation 
stations : 

59  Pilot  Knob 

60  Dosert 

Primary    triangtilation 

stations : 
«1  Cache 

62  Black  Pine 

63  CI ttivr  Crock 

64  ,  Blue  Spring 

65  Naomi 

66  Tau;^cnt  

67  Proniontc«-y 

68  Newfoundfand 

69  North  O^den 

70  Ob«cr^'atorv 

71  Antclopo  Inlaud 

Secondary  triangulation 

stations: 

72  Oxford    

73  Castle  Rmk 

74  Kimlmll's 

75  Black  Hutte 

76  Box  Eld«r 

77  South  Promontory  . 

78  Barton 

79  Porcupine 

I  Primary   triangulation 

station : 

80  West  Twin 

Primary    triangulation 

stations: 

81  Lodo-cho-wis 

82  Sugarloaf 

83  Cedar 

84  '  Warren    

85  South  Fork  

86  j  Division 

87  I  Mahogany' 

88  Granite 

89  Ohscrvation  

90  FredonyiT. 

Secondary  triangulation 

stations: 

91  North  End 

92  Bid  well      

93  Camp  Bid  well  Flag- 

staff. 

94  Yellow  Mesa . ; 

95  "49" 

96  AltnraaHill 

97  Eagle 

98  Hat    

99  McDonald  

Primary    triangulation 

station : 

100  Piute  

Primary    triangulation 

stations : 

101  Lassen's  Butte 

102  Hot  Springs 

103  Thompson 

104  To-ha-kura 

105  Ingalls' 

106  Summit 

107  Down ieville  Butte.. 

108  Peavino 

109  Castle 

110  Rose .. 

111  Twin 

Primar3'   triangulation 

stations : 

112  McGill 

113  Tebachapai  ...» 


40 


Nevada 40d 

Utah 40rf 

41 


41    1  12 
40  57    2 


Idaho 41a   42  11 

do 41a 

Utah i  4la 


do 
do 
.do 
do 
.do 
do 
do 
do 


41a 
41^ 
41c 
41c 
410 
41(2 
4ld 
41(2 
41 


Idaho  41b 

...do !  416 


Utah 416 


..do 
..do 
.  do 
..do 
..do 


Utah 


416 
416 
41c 
ild 
i\d 
50 

506 
38 


Oregon >  38a 

....ch» 386 

CalifoiTiia..  \  386 

do 3Hrf 

.  do 38fi 

Nevada i  38d 

....do 38(/ 

...do 'dSd 

California  ..   38(i 

....do 38d 

38   I 


Oregon  .   . 

California 

....do 


Nevada . . . 

...do 

California 

....do  

...do 

...do 


386 
386 
386i 

386 1 

386 

38rf 

'SSd 

3Hd 

38(ii 

39 


Nevada 39c 

47 


California  . .  47a 

...do 476 

...do    476 

Nevada i  476 

California  . .  476 

...do ild 

...  do |47c 

Nevada 474 

California...  Aid 


Nevwla 

California... 


California... 
....do 


47d 
47d 
73 

73c 
73a 


42    7 


41  41 
41  47 


4 

8 
23 
36 
41  54  39 
41  28  51 
41  29  22 
41  11  7 
41  21  45 
41  11  57 
40  57  40 


42  16  8 
42  12  9 
41  57  40 
41  55  36 
41  38  6 
41  18  22 
41  4  52 
41     1     7 


40  35  44 


42  18  22 
42  17  58 
41  36  32 
41  22  39 
41  9  14 

5 

1 

40  47  22 
4U  46  22 
40  41  11 


41 
41 


46 
26 


42  3  54 
41  56  52 
41  51  31 

41  50  5 
41  33  24 
41  28  57 
41  16  56 
41  3  57 
40  56  23 


40  29  12 
40  22  25 
40  15  34 
40  10  40 
39  59  33 
39  42  4 
39  35  30 
39  35  7 
39  21  48 
39  20  30 
39  6  37 


34  48  44 

35  2  21 


9i 

S 

•a 


O        I      tl 

111  33  11 


8»  572.0 


114  4  52 
113  47  36 


10, 758.  3 
8, 175.  4 


113  39  55 
113  7  28 
113  44  44 
112  32  54 
40  46 
10  42 

112  30  45 

113  22  19 
57  53 
53  10 


111 
113 


10,  451.  2 
9,  386.  0 
9, 132. 1 
7,131.4 
9,  951.  0 


111 
111 


112  13  12 


7, 459. 
7,045. 
9,  ei.95. 
9,589. 
6,660. 


112  6  5 
111  33  8 
111  13  57 


37 
7 


112  7 
112  1 
112  27  5 
111  51  20 
111  7  7 


9,386.0 
9,  610.  9 
7,  777.  7 

9,54i.8 

9,854.2 


111  43  42 


120  37  38 
120  7  12 
120  16  0 
120  12  59 
120  33  39 
119  15  32 
»119  33  18 

119  25  48 

120  10  7 
120  35  44 


7, 957. 2 
8,  415.  6 
8,308.1 
9,668.0 
7, 408.  6 
8,584.7 
8,363.1 
8,990.1 
8,009.3 
7,995.2 


120  14  13 
120  7  50 
120  9  16 

119  37  16 

119  55  23 

120  32  43 
120  11  51 
120  5  48 
120  24  36 


8,  471.  6 
8,  551.  2 
4,  647.  0 


7.498.0 
4, 459.  5 
9.933.6 
7,  676. 1 
7,954.0 


119    8  23       8, 618. 2 


121  30 
120  7 
120  33  17 

119  27    7 
37  29 

8  25 

120  38  30 

119  55  44 

120  20  47 

119  54  54 

120  13  47 


120 
120 


10 
7 


119    8  52 
118  34  35 


10.437.0 
7,602.1 
7, 752. 2 
8, 174.  0 

8,  471. 5 
8, 310. 9 
8,541.1 
8, 281. 0 

9.  013. 6 
10.820.3 

8,823.9 


*9,214 
♦8,056 


Bemark 


Triimgiiktia 

No.  11. 
Triangnlatiai 

Nal2. 


Da 


Da 


Do. 


Triangulatioo 
Na7. 


Do. 


Do. 


Da 


Trianp 
No.! 
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List  of  Triangulation  Stations — Continued. 


a 
s 


114 

115 
115 
117 
US 
U9 
130 


121 
123 
123 
lU 
125 
12S 
127 
1» 


129 
IJO 


Ul 


1J2 
133 
134 

139 
137 
138 
139 
140 


141 
142 
143 
144 
143 

147 
Hi 
149 
130 
151 
152 
153 
154 
155 
15« 
157 
I5li 

isa 

160 
ICl 
1€3 


IC3 

1S4 
1«5 
IflS 
167 


Iffi 
1« 
170 
171 
172 
173 
174 


Name  of  peak. 


San  Fernando 


State  or  Ter- 
ritory. 


California. 


Saddle,  (Malaga) 

Sister  Else,  (Station 

San  (rabriel 

SiiD  Antonio 

GrizKlv  

Pilot  Knob 

Secondary  triangalation 
stations: 

Camp  Weldon . 

Cook's  Point 

Di8apnointuient 

Nichols's  Point i . . .  .du 

Pahute i do 

Tf^hachapai  Donblo. 

White  Granite 

Workman's  Hill     . 
Primary   triangulation 
stations: 

San  Jacinto 

Temescal  (I) 

Secondary  triangnlation 
station': 

Him  Pedro  Hill 

Primary    triangulation 
stations: 

Blanco 

Del  Norte 

Dunn's 

Hunt's 

La  Plata 

Mear's    

Pagosa   

Simpson 

Uncompahgre 

Secondary  triangulation 
stations : 

^olus 

Agency  Knob    

Bristol'  Head 

Bntfalo 

Canby  

Carbon  

1X4  Norte  Hill  .... 

Elk 

Engineer 

Glacier 

Grand  Mesa 

Handle 

Horsefly 

Leon 

Macomb's 

Meigs' 

ObHcr%'atory  Cone. . . 

Pole  Creek I do 

Red  Cloud ; do 

Saltan    '....do 

Wetterhom ! do 

Blaine's  ...  do 

Primary    triangulation    

stations :  i 

Banded '<■  Colorado . 


Las  Tnichaa 

Santa  Clara 

Santa  F6  Baldy 

Taos 

Secondary  triangulation 
stations : 

Black 

Caballo  Cone 

East  Carrizo  Cone . .  | do 

Horse | do 

Organ do 


New  Mexico 
do 
do  . 
do 


< 


California  ..  73r. 


806 
80b 
80 


Round , 

Sunday  Cono 


a 


4  33 
34  16  50 
34  14  27 
34  17  6 

34  5  53 

35  23  32 


35  40  1 
35  37  9 

34  14  50 

35  37  0 
35  28  37 
35  1  47 
34  36  34 
34  0  48 


33  48  59 
33  42  31 


118  36 


118  39  17 
118  14  20 
113  5  54 
117  30  14 

116  50  55 

117  13  50 


118  17  5 
118  26  30 
118  6  55 
118  18  5 
118  21  50 

118  29  25 

119  7 
118  1 


55 
14 


116  42  16 

117  32  4 


37  34  37 
37  28  58 

37  50  24 

38  25  20 

37  26  41 

38  1  50 
37  26  37 

37  40  46 

38  4  18 


105  28  57 

106  25  53 
108  5  37 

106  13  18 
108  5  10 

107  M  23 
107  3  50 
107  23  22 
107  27  33 


37  37  39 

38  16  24 
37  47  33 
37  36  24 

37  46  54 

38  47  39 

37  40  14 

38  43  4 
37  41  57 

37  50  21 

38  53  34 

37  54  46 

38  11  43 

39  4  45 
37  34  25 

37  21  1 

38  34  41 
37  47  30 
37  56  27 

37  47  10 

38  3  38 
38  0  14 


107  36  15 

106  51  54 

107  3  2 
107  29  27 
107  30  50 
107  2  24 

106  21  26 

107  11  47 
107  48  14 

107  59  20 

108  10  26 
107  30  6 
107  55  40 
107  50  27 
106  58  43 
106  41  39 

106  51  37 

107  25  26 
107  25  8 
107  42  4 
107  30  29 
107  47  22 


14,  269.  9 
13.  084. 1 

13,  502. 4 

14.  054.  6 
13,  316.  0 

13,  008.  SI 
12,  675.  8 

14,  055.  9 
14, 40a  4 


M4, 
12, 

*12, 
13. 
13. 
12, 
8, 
13, 
13. 

.14, 


211.0 
273.5 
637.7 
7.'»5.  5 
3.')6.  0 
078.  2 
218.  3 
101.  6 
277.4 
243.0 


14,  149.  0 
10.  504.  5 
11,218.4 
13.  IfA.  2 
13,  393.  5 


14,092.6 
*13.  501.  0 
*14, 062.  0 
*14,  249.  0 


37    6  16 

35  57  41 

36  0  26 

35  49  51 

36  33  23 


106  37  27 

105  38  39 

106  22  54 
105  45  26 
105  24  51 


12,824.4 

*13, 150.  0 

*11,  507.0 

'  12,661.2 

13,097.9 


32  54  23 

33  6  1 
33  39  0 
33  58  36 

32  20  41 

33  40  26 
32  37    6 


108  10 
107  14 


I 


105  37  17 


50 
6 


108    7 

106  34 
108    6  28 

107  27  14 


8,909.8 
"7,975.7' 
*9,i08.'6" 

6,636.3 


3,792.8 
2, 896. 6 

6,' 232.  6 
10, 191.  9 
11,  723. 4 

5,  525. 1 


2,  7ia  9 
*6,  336 

*6,263"' 
8,  342.  0 

*8,  263 
7,  045.  0 
1, 363.  7 


10,  987.  3 
*5,  730 


Remarks. 


Triangulation  sheet 
No.  9. 


Do. 


Do. 


Do. 


Trianjnilation  sheet 
No.  19. 


Do. 


Do. 


Triangulation  sheet 
No.  20. 
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List  of  Triangulation  Stations — Coutinaod. 


175 


176 


177 
178 
179 
180 


181 
182 
IKJ 
184 
185 
180 


187 
188 


189 
190 
191 
192 
193 
194 
195 
106 
197 
198 
199 
200 
201 
202 
203 
204 
205 
206 
207 
208 


209 
210 
211 
212 
213 
214 


215 
216 

217 
218 


219 


220 
221 
222 
223 
224 
225 
226 
227 
228 
239 
230 
231 


Name  of  peak. 


Stote  or  Ter- 
ritory. 


c 


Primary    trinnpilation    

stntidns :  ' 

llacheta  ,  New  Mexico 

Secondary  trian^ilntioii   

stations :  I 

LiilHcha I  New  Mexico 

Primary    triAn;nilation  | , 

HtatioDH:  I  I 

Florida ,  New  Mexico 

Mexico Chihuahua. . 

North  Franklin    Texas 


89 

I 

89& 


do 


Chihuahua.. 


Nevada 
..do  .. 


South  Fi*anklin 

Secondary  triangulation 
stations : 

Koca  Gmndo       . 

Boundary  Monument  

(Jraveyanl  Hill j  Texas      .   . . 

Initial  Monument ...  I 

Potrillo    I  New  Mexico 

Kodadero  do 

Primary     trian<;ulation 
stations : 

(ienoa 

Lyon   

Secoiidai-y  trianf^ilAtiou  i 

stations: 

Butt  Mountain California 

Mount  Dyer | do  .  ... 

Kettle  R<K!k i do 

Scha tier's    j     .do 

McKesick's t do 

State  Liiie Nevada . . . 

Dmjumi '  California 

AduiDS I   .     do 

Wellinjrtou I do 

Hsmkrll's do 

Crystfll i do 

X.  E.  Base Nevada  . . 

Tibbie l....do 


89& 
90 

90/1 
mb 
90&. 
906 


31  37  56 

1 

108  24  18 

1 

8,352.3 

31  50  19 

108  27  34 

1 

32  7  16 
31  43  14 
31  54  7 
31  48  15 


107  37  40 
106  34  54 
106  29  24 
106  28  47 


7.295.4 


7,069. 


Rocky  Point 

Davidson  

Emma. 

McClelhin 

lia  w 

Conio 

Churchill  Butte  .    .. 
Primary     triangulation 
stations : 
Tutib 


do 
do 
do 
do 
do 
do 
do 


Nevada 


Taropqna do 


Grant    do 

Desatoya do 

Bunker  mil ..  do 

Fairview do 

Secondary  triangulation 
stations  : 

Emigrant Ne>  atla 

Geneva  do 

Birchira's do 

Cowles'  do 

Secondary  triangulation 
stations : 
Alamocita j  Arizona  — 

Primary     triangulation  : 

stations :  | 

Bemal  Hill j  New  Mexico 

Escobas '   . .  do 

Ladrones i do 

Manzauo |  —  do 

Mosca I do 

Osha do 

Pt-demal j do 

Placer ' . . .  do 

Kattlesnako  llill |  . .  do 

Taylor j  . .  do 

Tecoloto ..  do 

Tetilla do 


90rt 
91 '6 

mb 

90b 
90a 
9o6 

47  I 

47tf 
47rf 
47 

47a 

47a 

47a 

476  j 

41b 

476 

41b 

41b 

41b 

41ii 

41d 

41d 

4ld 

47(1 

47r/ 

47rf 

47rf 

41(1 

41d 

41d 

48  i 

48c  I 

48c 

48c 

4k/ 

4Hd 

48c  ( 

48 

48r/, 
48«/ 
4Sd 
48t/, 

76  , 

76d' 

77  I 

I 
78a  I 
776, 
77c 
lid 
lid 

nd 

lib 
lib 
lid 
11a 
lid 
lib, 


31  37  46 
31  46  .'>8 
31  45  52 
31  4a  58 
31  55  21 
31  47  11 


107  59  59 
106  .32  1 
106  29  41 

106  31  34 

107  4  7 
106  32  32 


39 
39 


2  26 
7  33 


40  12  58 
40  14  15 
40  8  42 
40  26  43 
40  5  23 
•10  1  44 
39  56  17 
39  .54  32 
39  52  0 
39  39  41 
39  28  21 


119  52  43 
119  28  12 


121  23    2 

121  1  48 
120  43  3 
120  21  18 
120  14  43 

119  58  32 

120  16  56 
5 


120 


43 


120  31  41 


120  33 
120    2 


1 
13 


7,  830.  6 
7,  369  *> 
7,843 
6,804 

7,  083 

8,  405 
8, 292.  6 
8,  431.  6 
7,664.6 
8, 126.  4 


35  32  2 
34  26  1 
34  35  23 
34  48  36 
34  38    9 

34  .50  38 

35  20    3 

34  :m   7 

35  14  16 

34  4  37 

35  36  24 


105  42  45 
5  29 


107 
106  27 
106  24 


13 
34 


106  26  44 
105  39  4 
106 
105 


10  36 
49  41 
107  36  55 

105  41  44 

106  13    1 


4,443.8 


8. 793.  5 


39  25  44 

119  25  39 

7,099.9 

39  22  8 

119  31  54 

7,383.3 

.39  20  50 

119  34  2 

39  18  22 

119  39  37 

7.941.2 

39  17  39 

119  36  1 

6, 439.  4 

39  15  26 

119  41  46 

7,  531.  6 

39  11  56 

119  28  40 

8,  403.  8 

39  1  8 

119  28  14 

9,  016.  6 

39  20  16 

119  17  32 

6,  009.  0 

39  42  53 

119  9  46 

7.062.1 

39  34  52 

118  13  54 

8,771.7 

39  .{2  16 

117  .54  56 

9,964.8 

39  21  47 

117  45  19 

9,921.3 

39  15  2 

117  7  18 

11.404.5 

39  13  22 

118  8  55 

8,411.5 

39  24  7 

117  23  24 

8,  .508.  5 

39  21  27 

117  4  14 

11, 077.  1 

39  8  53 

117  28  33 

10,  343.  9 

39  3  14 

117  33  25 

9,980.1 

34  11  56 

108  28  17 

35  22  .^3 

105  19  38 

9, 214. 3 
10,  086.  3 

9,  723. 0 
10,  022.  8 

7,  580. 3 

8,  965. 2 

6,  616.  5 
11,391.2 

7,253.7 

7.  000.0 


Triangnlatfcw 
No.  21. 

Do. 


Do. 


Do. 


Trian^Ution 
No.  7. 


Do. 


Do. 


Do. 


Triansnlatwi 
Na20. 

Do. 
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List  of  Triangulation  St^iHana — Continned. 


S 


Xame  of  peak. 


233 
234 


Stat©  or  Tor- 
ritorj'. 


New  Mexico 

..do 

Arizona 


235 
236 

237 

zm 

239 

240 
241 
24'> 
243 


Primar}'     triangulation 
stations : 

Bear 

Ejiglo 

Thomas 

Secondary  triangulation 
stations: 

Graham i  Arizona 

Primary     triangulation  , 

stations: 

Capitan New  Mexico 

Colorado do 

Cook     ...do 

Fra  ('ristobal do 

Ma*!dalcna    . .  do 

Xojn»l ! do 


< 


83 

83d 
836 
836 


o 


2 


If 


32  49  58 

33  40  30 
33  54  21 


SHliuas 

San  Mateo 

Sierra  Blanca I . . .  do 


do 
do 


83c 
84 

85a 
846 
84c 
84a 
84a 
846 
846 
84a 
846 


32  41  56 


33  35  24 
33  50  42 

32  32  6 

33  25  35 
33  59  23 
33  29  47 
33  17  51 
33  33  7 
33  22  24 


6 

a 


^ 

n 
a 


5 


Remarks. 


// 


108  21  52   8, 081. 1 

108  35  2  ) 

109  34  34  *11,275 


109  52  40  I  10, 099. 5 


105  16  20 

106  42  6 

107  44 
107  7 
107  11 
105  48 
100  32 
107  26  27 
105  48  55 


15 
10 
39 
36 
15 


10,022.9 
5,  653.  7 

8,  329.  6 
6,046.2 

10,  798. 0 
9,983.0 

9,  039.  5 

10,  208.  6 

11,  892. 3 


Triangulation  sheet 
No.  20. 


Do. 


Do. 


The  altitudes  of  all  points  nmrked  thus  {*)  are  from  angles  of  elevation ;  all  others  are  from  barometric 
determinations. 

BAROMETRIC  HYPSOMETRY. 

ThQ  nsiial  plan  for  obtaining  the  vertical  element  of  the  greater  share 
of  observation  points  by  means  of  barometric  difterences  in  altitude  has 
been  pursued.  The  computations  have  been  for  another  year  under  the 
sapervision  of  Lieutenant  Tillman.  Satisfactory  results  have  been  ob- 
taiued.  As  heretofore,  through  the  courtesy  of  General  Myer,  Chief 
Signal  Officer,  transcripts  of  the  observations  of  the  Signal  Service  at 
specified  ix>iiit«  have  been  furnished.  Lists  of  altitudes  prepared  by 
Lieutenant  Tillman  of  points  of  special  importance  in  the  areas  of  1878 
are  to  be  found  herewith. 

List  of  Altitudes, 


X 

s 

mm 


1 
2 

3 
4 
5 

6 
7 
$ 
9 

10 

ni 

13 
13 


Locality. 


Walla  WaUa 

Xorth  Base  at  Dalles 

AHtronomical  Station  at  Dalles 

South  Base 

Dalles  Hill  

Shi var's  Bridge,  Deschutes  River I do 

Finne^n's  Ranch,  Military  Road | do 

Cross  Hollows do 

Divide  on  Shivar's  Road,  b<»t  ween  John 
Dav  and  Deschut^'s  Rivers. 

Divide  on  ()-cho-co  and  Cross  Hollow,  be- 
tween John  Day  and  Deschutes  Rivers. 

Divide,  Head  Antelot>e  Valley,  bt^tween 
John  Dav  and  Desciiutes  Rivers. 

Antelope  l*ost  Oftice 

Divide,  Cafion  City  Road,  between  John 
Day  and  Deschutes  Rivers. 


Washington  T. 

Oregon 

— do 


do 
do 


ao 


.do 
,.do 


...do 
...do 


12c 
20a 
20a 
20a 
20a 
20a 
20a 
20a 
20a 

20a 

20a 

20a 
20a 


I 


o  o 

I" 

JZ5 


D.M. 
5 
5 
5 
6 
4 
2 
4 
1 

1 

1 

2 
1 


Reference  sta- 
tion. 


Portland 

do  ... 

do  ... 

...  do  . . . 
....do  ... 
....do  ... 

do  ... 

do  ... 

...do  ... 

....do  ... 

do  ... 

....  do  . . . 
do  ... 


a 


q 


Feet. 

1, 033.  5 

187.5 

134.7 

215.4 

1, 210. 1 

702.0 

2,143.7 

3, 197.  3 

3,  515. 0 

3,354.5 

3,298.2 

2,844.6 
3,094.7 
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M 

B 

0 


154 
155 
156 
157 
158 

159 
160 
161 
162 
163 
164 
165 
166 
167 
168 
160 
170 
171 
172 
173 
174 
175 
176 
177 
178 
179 
180 
181 
182 
183 
184 
185 
186 

187 
188 
189 
190 
191 

192 

193 

194 ; 

I 

195 
196 

197 
198 
199 
200 

201 

202 

203 
204 
205 
206 
207 
208 
209 
210 
211 


212 
213 


214 


Locality 


Martin's  Ranch 

Nash's  Ranch 

Mount  Dvi>r,  near  Big  Meadows 

WmowLiako 

Lassen's  Butte 


Frenchman's  Cove 
Moan  t  Ingalls 


Moonl  Wellingt<m 


9 


< 


Mount  Ilarkncvss,  near  Big  Meadows do 

Dutch  Hill  Mining  Camp do 

Grizzly  Hill do 

Greenville do 

Forgay's  Ranch ■ do 

Jim  Ford's  R;inch do 

Johnson's  Ranch 

Pt'tcT  Lassen's  G  rave,  Henry  Lake  Valley 

Sto<kton  Mill 

Goodrich's  Ranch 

Mitchell's  Ranch 

l*each  Spring 

Upper  edge  of  crater — cinder  cone , do 

Bott« mi  of  crater , 

Foot  of  slope  of  cone 

Second  lake  east  of  cone 

Divide,  Noble  Pass 

Loomis's  Ranch 

Quincy , 

Ocbum's  Ranch , 

Wilson's  Ranch 

Hickman's  Ranch 

Toll  Gate,  Battle  Creek  Road 

Gray's  Ranch 

Hart's  Ranch  ..'. 

Phillips'  Ranch 

Claremont  Hill  south  of  Quincy 

Old  Toll  House,  between  Quincy  and  Tay 

lorsville. 

Hough's  Mountain | do 

Tavlorsville I do 

Kettle  Rock  Peak ! do 

Parker's  Ranch 

Divide  between  Kingsbury's  Ranch  and 

Caribou  Bridge. 
Main  divide  between  Miller's  and  Long- 

ville  (on  road.) 

LongviDe 

Maiu  divide  between  Longville  and  Butte 

Creek  House. 
Divitlo  between  Colby's  and  Toll  Gate 
Bridge  over  Butte  Cfreek  (7^  mUes  from 

Prattvillo.) 

Moonlight  Valley , 

Taylorville  to  Su.<ianville,  main  divide 

Susan  ville  Post-otfice 

First   divide,    between   Susanville   and 

Eagle  Lake. 
Second  divide,  Ijetween 

Eagle  Lake. 
Main   divide,   between 

Eagle  Lake. 

Eagle  Lake 

Willow  Spring  (head  TViUow  Creek) 

Honey  Lake  

Adam's  Peak 

Mape's  Ranch 

Crow's  Ranch,  Clover  Valley 
Ke^Spring,  Willow  Creek 
McKesick^  Peak 
Ou^uini  Peak 


Feet 
4, 484. 0 

4, 431.  3 

7, 369.  2 

5,  382.  2 

10,  437.  0 

*8,  CT5.  3 

4,  692. 3 

*5,  708.  9 

3,380.6 
3,5ia5 

4.  37a  8 
4,280.9 
4,639.3 
4,883.0 
4.284.6 

5.  303.  2 
6, 74L  3 

6.  506. 3 
6,  512. 2 
6,085.2 
5.963.0 
4,356.5 

*3.  38L  0 
*2,  269.  5 
1, 114.  5 
1,906.8 
4,699.7 
3,388.0 
1,099.7 
242  1 
6,998.6 
5,509.9 


do *7,390.7 

do 3,521.6 

do 7.843.4 

do i  4,135.7 

do \  4,e28w0 

i 

do I  5,09L0 

do *4, 309.0 

..do 6,706.2 

do t  6,618.7 

do 4,68L« 


do 

do 

Americ4ui  Flat 
AViunemucca  . 


5.433.3 
6,428.1 
4, 195. 2 
5,362.8 


do !  5,773.7 


do 6,245.0 


...  do 

...do 

Carson  City . . . 

Camp  6     

Carson  City... 

...do 

Crow's  Ranch 

...do    

Crow's  Ranch 

and    Carson 

City. 
Crow's  Ranch . 
Crow's  Ranch 

and   Carson 

City. 
Crow's  Banch. 


5, 114. 5 
5.083.9 
3.»48.6 
8,43L« 
5,  038.  7 
5,464.0 
5,736.8 
7,083.0 
8,292.6 


6,564.7 
8, 471. 5 


7.664.0 
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9 


a 


215 

216 

217 
218 
219 
230 
221 
222 
223 
224 
225 
2% 
227 
228 


Locality. 


State  or  Terri- 
tory. 


California 476 


La«t  Chance  and  Sqnaw  Queen  Creeks, 

junction  of. 
Lnst   Chanco    and    Thompson   Creeks,    do 

junction  of. 

Statt"  Line  Peak • do 

Murphv'8  Ranch,  Buffalo  Salt  Works do 

Shet" p  llead I do 

Bacon's  Kanch  : do  .... 

ShumwaV's  Ranch i do 

McKesick's  liauch do 

Stuoko  Creek  Depot I do 

Winnemucca  Lake Nevada . . 

To-ba-kum  Peak I do 

Wood's  Kanch,  Pyramid  Lake do 

Dunninji's  Ranch* do 

Willow  Ranch California 


229    Thompson's  Peak. 


230 

SI 

232 

233 

2M 

235 

236 

237 

238 

239 

240 

241 

242 

243 

244 

245 

346 

247 

248 

249 

2S0 

2S1 

258 

B3 

254 

255 

256 

S7 

^ 

2^ 

260 

361 

283 

3S3 

264 

265 


476 

476 
476 
476 
476 
476 
476 
476 
476 
476 
476 
476 
476 


do 


North  End  Pyramid  Lake Nevada . . . 

Greno's  Rancli do 

Newton's  Ranch,  near  Honey  Lake do 

Hot  Springs  Peak do 

S«'hafter\H  Station do 

Schaffer's  Peak do 

Chico California. 

CVntreville do    

Re."*ervoir  in  Concord  Valley do 

Cold  Snriiic  Ranch I do 

Bidwell's  Bar,  south  fork  Feather  River. . ! do 

Junction  House do 

Ninishew [ do 

Humbug  Park I do 

Tavlor's  Ranch Nevada  . . . 


Anderson's  Ranch,  Fish  Spring 

Chapman's  Ranch 

Chollar  Potosi  Mining  Company's  office. 

Knickerbocker  Mine ' do 

Baltimore  Mine do 


do 
do 
do 


Globe  CouHolidated 

Gold  Hill  Mine 

Superior  G.  &  S.  Mine.. 

W'e«t  Belcher  Mine 

Trojan  Mine 

Upi>er  Caledonia  Mine. 
Europa  Mine 


...do 
..do 
...do 
...do 
..  do 
..do 
V  ,  .-do 

£ast  Justice  Hill I do 

..  do 
...do 
...do 
...do 
...do 


Bacon  Mill  Point 

KamscU  MiH,  near  Silver  City 

I>evil8  Gat<5  Toll  House,  Silver  City  .... 

01<1  Foundery,  Silver  City 

Gila  Mina  Post,  near  Succor  Mine 

Vivian  Mine do 

I>arl>y  Mine do 

Camp  KtKk^. . . ._^ do 

...do 
...do 
...do 
...do 


270 
271 
272 
273 
274 
275 

rr« 

277 
278 
279 
2M 
281 
282 
»3 


AmeVii-an  Flat  Peak 

Kailro;)d  Peak  (Black  Rock) 

Kast  ]^IcChllan  Peak 

Roek  Inland  Mine 

•Juu«rts  Milk  Ranch  \ do 

Kri»'  Ctmsolidated  Mine \ do 

William  P«  un  Mine. do 

do 
do 
do 
do 


Buckeye  Mine 

Nelj*<»n'.H  Station 

PrcK'tor's  lianch,  Tnickee  River 

Pyramiid  Lake  Indian  Agency  .. 

S«'llen»'8  Ranch,  near  Reno do 

^Villt4•r«■  Ranch do 

TVads  wort  h,  Central  Pacific  Railroad do 

...do 
...do 


Home  Station 

Oni*  mile  north  of  Butte  Mountain 

Prometheus  Peak I do 

Kooker's  Ranch I do 


476 

476 

476 

476 

476 

476 

47c 

47c 

47c 

47c 

47c 

47c 

47c 

47d 

47(i 

47rf 

47(f 

47rf 

47d 

47d 

47d 

47d 

47d 

47(i 

47(i 

47rf 

47d 

47d 

47rf 

47d 

\1d 

47d 

47d 

47d 

47d 

47d 

47d 

47d 

47d 

47d 

47d 

47d 

47d 

47d 

47d 

47d 

47d 

47d 

47d 

47d 

48d 

4^6 

48d 

48d 


2 

2 

5 
1 
2 
2 
8 
1 
2 
2 
3 
1 
2  and  2 
land  11 


476     6, 12, 12 


Reference  sta- 
tion. 


1 

3  and  2 

2 

3 

Sand  2 

4 

D.M. 

2 

1 

2 

3 
o 

3 
2 
1 

n 

2 

D.M. 

1 

1 

1 

1 

1 

1 

1 

1 

1 

3 

2 

1 

1 

1 

1 

1 

1 

3 
o 

1 

2 
2 

o 

i, 

1 

1 
1 

2 

*. 

2 
3 
4 


90 

Si 
> 

©  » 

a 


Feet. 
Carson  City .. .    5,268.2 

...do I  5,431.1 


..  do 

Winnemucca 
...do 


...  do 

...do 

...do 

...do 

American  Flat 

...do 

.  ..do 

..  .do 

American  Flat 
and  Carson 
City. 

Camp 7.  Amer- 
ican Flat. 

American  Flat 

..  .do 

..  do 

Winnemucca  . 

. .  do 

do 

Red  Bluff 

..  .do 

.  ..do 

...do 

..do 

-.  do 

...do 

..  .do 

Winnemucca  . 

...do 

—  do 

Sidt  Lake  City 

ChoUarPotosi. 

. .  .do 

..do 

..-.do 

. . .  do 

do 

do 

...do  

do 

do 

do 

do 

do 

...do  

do 

. . .  do 

. . .  do 

do 

do 

. . .  do 

do 

do 

do 

do 

do 

do 

American  Flat 

. . .  do 

do 


I . . 


8,  405.  2 
3,845.0 

3,  913.  6 

4,  070. 4 

5,  067. 0 
4, 469.  2 
4, 163. 7 
3.  824.  6 
8, 174.  0 

3,  861.  Z 

4,  571. 0 
4,  275. 3 


7,752.2 

3, 847. 9 
4,187.3 
4,  078. 6 
7,  692. 1 
4,  026. 1 
6.864.5 
174.9 
502.6 

2,  021. 9 
564.5 
342.1 

3,  562.  2 
2, 451. 3 

4,  846.  6 
4,  719.  5 
4,  041. 1 

4.  031.  6 
6.  242.  3 

5,  867.  2 

5,  729.  3 
5, 781.  0 

6,  373.  6 
6,  415. 3 
6,  098.  4 
6,  085. 7 
5,  986.  9 
5,  978.  3 
5,  861. 2 
5,  327.  2 
5,  324.  3 
5, 148. 1 

4,  940.  3 

5,  451.  8 
5,  414.  6 

4,  885.  5 

5.  G28.  2 
6, 059.  0 
r^,  436.  0 
0, 180.  8 
5,  677.  5 
5,  736. 1 
5,  268.  2 


..do 


1     AVinnemucca. 

3    do 

6    do 

3  i....do 


5,  2:{5.  6 
5,  220.  8 
4,  245.  0 
3.  963. 4 

3,  980.  0 

4,  438.  6 
5,145.2 
4,  094. 8 
4,  815.  7 
4,  555.  2 
8, 140. 7 
7. 147. 9 
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S 


284 
285 
280 
287 
288 
289 

290 

291 
292 
293 

295 
296 
297 
298 
299 
300 
301 

302 
303 

304 
305 
306 
307 
308 
309 
310 
311 
312 
313 
314 
315 
310 
317 
318 
319 
320 
321 
322 
323 
324 
325 
320 
327 
328 
329 
330 
331 
332 

333 

334 
335 
336 
337 
338 
339 
340 
341 
342 
343 
344 
345 
346 
347 
348 
349 


Locality. 


State  or  Tern- 
tor}\ 


Geneva  Prak Nevmla... 

Month  UiuUrdown  Cn&on,  Reese  River do 

Birrhim'H  Poak ....<lo 

WMrlu'H  Itanch do 

Emigrant  Peak do 

Monument  at  south  end  of  Austin  base    do 

line.                                                                  ' 
Monument  at  north  end  of  Austin  base    ...  do 

line. 

Wallaec's  Ranch do 

Rooker's  Corral do 

Vauglian's  Ranch do 

Hinidand  Peak California 

Lilli«^'»  Ranch do 

West  Point i ....  do 

Antelope  Spring do 

Two  miles  west  of  Tragedy  Springs    do 

Halfwav  House ". do 

Shaw'allanch ' do 

Castle  Rock do 


Cooper's  Ranch } do 

Griz/.ly  Peak ...  do 

TVami  Springs,  Sonora  Road do 

Lake  near  summit  of  Virginia  Creek  Trail do 

Gra.MH  I^ke <lo 

Summit  of  Bi<;  Tree  Roud do 

Big  Meadow  Ranch do 

Fnlsom  &  Hall's  Ranch ' do 

Su8]>ension  Bridge,  Mokelunme  River  ... do 

NYilev's  Station.  Amador  Rr)ad | do 

nam's  Station,  Amador  lioad i do 

Mud  Spring.  Amador  Road do 

l*eddlers'  Ranch,  Amador  Road ' do 

Horslev's  Camp do 

Mvers'n  Statitm do 

F^ister's  Station do 

Deirs<M's  Station  . : <io 

Volcano      —  "O 

Foster's  Ranch : do 

Bridge  over  Middle  Fork  Mokelunme — : do 

Ra  il  road  Fl  at '....do 

Cabin  in  South  Grove,  Cidaveras  Big  Trees do 

Cohmibia  P.  O <io 

Bald  Mountain <lo 

Lil V  Creek,  Sonora  Road - .  do 

Mill  Creek.  Sonora  Road <lo 

Niagara  ('reek,  St>nora  Road ...  do 

Cow  Creek  Ranch,  Sonora  Road do 

Head  oi  tlat,  South  Fork  Herring  CrtK'k do 

Burst  Rock  <]« 

Lower  Reser%oir,  ^  mile  oast  of  Straw-  —  do 

berrv. 
Junction  of  Herring  Creek  and  Stanis-    do 

lans  River. 

Head  of  Stanislaus |...  do 

Small  Lake  on  Relief  Trail .do 

I^arge  Lake  on  Relief  Trail do 

Round  Liiko  on  Relief  Traa ....do 

Monm's  Ranch  <i« 

Copperopolis,  Dutch  Henry's  Ranch 

Gold  Spring  Ranch 

N  ort  1 1  ni  p s I     "  *  !l " 

Strawberry I do 

Dunderberg  Pej»k , . . . .  tlo 

Summit  of  Virginia  Creek  Trail ; do 

Lake  near  Simimit  Virginia  Creek  Trail do 

Mouth  of  Lvell  Creek ....do 

Lambert's  fvala  Spring i do 

Snow's  Hotel ....do 

Top  of  Yos<mite  Fall do 


oc 

<5 


..do 
..do 


350  I  Top  of  Vernal  Fall. 


Ao 


56b 
5(J6 
odb 
566 
566 
56c 
5(ki 
56rf 
56<< 
56(i 
56<f 
.56d 
50(i 
56(2 
56d 
56d 

56d 


O  . 

c 

«M  a 

c  o 

s 

9 


4Sd 
4S(i 
4Sd 
4Hd 
4Sd 
48d 

48d 

48d 
48d 
48d 
566 
566 
566 
5<«) 
5(56 
506 
566 
566 

,566 
566 

566 

566 
,566 

:m 

566 
,566 
566 
5()6 
5()6 
566 
.5(56 
566 
566 
.5(;6 

rm 

.566 
.5456 
.5(;6 
506 
.566 
5W> 
5(56 
5(56 
.566 
5(!6 
.566 
566 
.566 
566 

566 


2 
2  and  5 
3 
3 
1 
1 


2 

4 
1 


2 
2 
2 
2 
4 
2 
6 

4 

2 


2 
1 
1 
1 
1 
1 
1 
4 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
1 
1 
1 
1 
1 
1 
1 


1 
1 
1 
1 
1 
2 
2 
2 

3  and  2 

8 
1 
2 
2 
1 
2 
4 


k 

I    > 
\    ~  - 

Reference  ata^      ^~ 


tion. 


Winnemucca. .  10,  708, 1 

...do 6,181.1 

..do 10,471.1 

..do 5,771.0 

.  do 8,508.5 

..do I  5,799.2 


do 

do 

.do 

do 


a.  ti 


4.4 


Sacramento 

.  ..do , 

..  do 

. .  do 

..  do , 

...do 


Sacramento  & 
Winnemucca. 

Sacnimento   . . 

Sacramento  & 
Winnt^niucca. 

Winnemucca.. 

Sacramento . . . 

..  do 

...do 

...do 

...do  

...do 

...<k> 

...do 

. .  .do 

...do 

...do 

..  do 

. .  -do 

...do 

. .  .do 

...  do 

...<lo 

•  •  ('a^J     ••■•••       •  • 

. .  .do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 


I  5,786.6 
6,  708.  5 

5,  315.  0 
10,  955.  6 

3,  647.  0 
2,  773.  7 

4.  272.  h 
i  7, 448.  0 
'  3,  3.58.  5 

6.311.1 
9,  872.  4 

8, 405.  0 
10,  368.  6 

7,384.5 

10,  089. 8 

8.  564.  5 

^.  157.  2 

6,  838.  4 

4,  281.  8 

2,  091.  5 

5,  027.  4 
5,  438.  6 
5,  972.  7 
6,831.3 

3.  859.  7 
3,  758.  7 

3.  264.  9 
2,921.9 
2.  075.  2 
2.  880.  9 
2,  435.  7 

2.  606.  1 

4,  .S20.  4 

2. 156.  7 

5.  829.  6 

3,  970.  6 

7,  075.  5 

6,  689. 8 
5,904.8 
7,936.4 

9. 157.  4 
5,  582.  4 


. .  .do 5, 420.  9 


. .  .do 

Winnemucca.. 

...do 

Sacramento . . . 

..  do 

..  do 

..  do 

.  -  do 

. .  do 

...do 

...do 

do 

..  do 

. .  do 

Sacramento 

and  Camp  38. 

...do 


'  8,856.7 

8,  516. 8 

H,  182.  9 

7,309.0 

3,984.2 

1,015.3 

2,  013.  7 

'  4,  519. 1 

5.2:f7.8 

12,  289.  2 

11,045.8 

10,  089. 8 

8.  574. 6 

8,55ai 

5,217.2 

6,401.3 

I  4,975,8 
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Locality. 


State  or  Terri- 
tory. 


California 476 


•it  Chance  and  Squaw  Queen  Creeks, 
unction  of.  ^ 

»t    Chance    and    Thompson   Creeks,    do 476 

unction  of.  , 

ite  Line  Peak ....do 476 

irph v'h  Ranch,  Buffalo  Salt  Works I do i  476 


ccp  llead , do 

con's  lUnch  ' do 

um way's  Ranch I do 

;Kesick's  Ranch do 

.do 


I 


476 
476 
476 
476 
476 


Nevada 476 


loke  Creek  Depot 

inneniucca  Lake 

•ha-kum  Peak do |  476 

ood's  Ranch,  Pyramid  Lake do 476 

inning's  Ranch j . . .  do 476 

illow  Ranch California 476 


ompson's  Peak ,  —  do 


rth  End  Pyramid  Lake Nevada... 

eno's  Rancn do 

wton's  Ranch,  near  Honey  Lake do 

>t  Springs  Peak do 

laflor's  Station j....do 

iutffer's  Peak ' do 

ico California . 

ntrevillc |...  do    

servoir  in  Concord  Valley do 

Id  Sprinc  Ranch do 

Iwell's  Bar,  south  fork  Feather  River. . do 

nctiun  Huuse. I do 

nirthew do 

imbug  Park ' do 

ylor's  Ranch Nevada . . . 

Mlerson's  Ranch,  Fish  Spring I do 

apman's  Ranch I do 

olLir  Potosi  Mining  Company's  office. . do 

lickerlwcker  Mine do 


do 
.do 
do 
do 
do 


Itiniore  Mine 

ohe  Consolidated 

.Id  HUlMine 

porior  G.  &  S.  Mine 

est  llolcher  Mine 

t>jan  Mine |  ..  do 

jper  Cah'donia  Mine ....  do 

iropa  Mine ' do 

ist  Justice  Hill I do 

con  Mill  Point '  . .  do 

iniscU  Mill,  near  Silver  City ' ....  do 

...do 
...do 


ivils  Gate  Toll  House,  Silver  City 

t\  Fonndery,  Silver  City 

la  Mina  Post,  near  Sucxior  Mine do 

viau  Mine 1 do 

irhy  Mine ! do 

imp  lio<'k ' do 

meriran  Flat  Pt-ak ' do 

iilrond  Peak  (Black  Rock) I do 

ist  McClcUan  Peak [....do 

>ck  Ishind  Mine do 

Ui  H*H  Milk  Ranch  do 

if  C'onHolidat«'d  Mine ! do 

illiam  Prnn  Mine do 

ickeye  Mine ] do 

■lrt«m*8  Station , ilo 

wtor'»  Ranch,  Truckee  River j do 

rraniid  Lake  Indian  Agency do 

Ut-rs's  Ranch,  near  Reno do 

.do 
do 


int<'rs'  Ranch 

ads  worth.  Central  Pacific  Railroad 

jnie  Station <lo 

le  mile  north  of  Butte  Mountain do 

•omethens  Peak I do 

K>ker'  a  Ranch ....do 


476 
476 
476 
476 
476 
476 
47c 
47c 
47c 
47c 
47c 
47c 
47c 
47d 
47d 
47rf 
41d 
47rf 
47d 
47d 
47rf 
47d 
47rf 
47(2 
47(i 
47d 
47d 
47d 
47rf 
47rf 
47d 
41(1 
47d 
47d 
47d 
47d 
47d 
47d 
47d 
47«f 
47d 
47d 
47d 
47(i 
47d 
47d 
47d 
47d 
47d 
47d 
4Hd 
486 
4Sd 
48d 


5 
1 
2 
2 
8 
1 
2 
2 
3 
1 
2  and  2 
land 11 


476    .6,12,12 


3  and  2 
2 
3 

3  and  2 

4 

D.M. 

2 

1 

2 

3 

2 

3 

2 

1 

2 

2 

D.M. 

1 

1 

1 

1 

1 

1 

1 

1 

1 

3 

2 

1 

1 

1 

1 

1 

I 

3 
o 

*« 

1 

o 

2 
2 
1 
1 
1 
2 
2 
2 
3 
4 


Reference  sta- 
tion. 


i 

> 


2     Carson  City., 


..do 


. .  do 

Winnemucca 
— do 


...do 

do 

do 

...do  

American  Flat 

....do 

do 

do 

American  Flat  i 
and    Carson 
City.  ; 

Camp 7,  Amer- 
ican Flat.       I 

American  Flat 

do 

. . .  do 

"Winnemucca  . 
do 

.     do 

Red  Bluff 

do 

do 

do 

do 

..  do 

...do 

do 

Winnemucca  . 
do 

Ssdt  Lake  City 
Cholhir  Potosi. 

do 

do 

....do 

...  do  

do 

do 

...do  

—  do 

do 

do 

do 

do 

do 

do 

...  do 

...  do 

do 

...do 

. . .  do 

do 

—  do 

do 

do 

do 

do 

American  Flat 

...do  

do 


».o 

...do 


1     Winnemucca. 

3    ...  .do 

6    do 

3  \ do 


Feet. 
5,268.2 

5, 43L  1 

8, 405. 2 
3,  H45. 0 

3,  013.  6 

4,  076. 4 
5, 067.  0 
4, 460.  2 
4, 163.  7 
3.  824. 6 
8, 174.  0 

3,  861.  Z 

4.  571. 0 
4,  275. 3 


7. 752. 2 

3, 847. 9 

4. 187. 3 
4, 078.  6 
7, 692. 1 
4, 026. 1 
6,  864. 5 

174.9 
502.6 

2,  021.  9 
564.5 
342.1 

3,  562. 2 
2, 451.  3 

4,  846.  6 
4,  710.  6 

4,  041. 1 
4.931.6 
6,  242.  3 

5,  867.  2 
5,  729.  3 

5,  781.  0 

6,  373.  6 
6, 415. 3 
6,098.4 
6,  085.  7 
5,  986. 9 
5,  978. 3 
5,  861.  2 
5,  327.  2 
5,  324.  3 
5, 148. 1 
4,  940. 3 
5, 451.  8 
r»,  414.  6 

4,  885.  6 

5,  628.  2 

6,  (>r)9.  0 
5,  436.  0 
C,  180.  8 
5,  677.  5 
5,  736. 1 
5.  208.  2 
5,  2:J5.  6 
5,  220.  8 
4,  245.  0 
3,963.4 

3,  980.  0 

4,  438.  6 
5, 145.  2 
4,  094. 8 
4.  815.  7 
4,  555.  2 
8, 140. 7 
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List  of  Jltitudee — Contijined. 


S 

s 


421 
422 
423 
424 
425 
426 
427 
428 
429 
430 
431 
432 
433 
434 
435 
430 
437 
438 
439 
440 
441 
442 
443 
444 
445 
446 
447 
448 
449 
450 
451 
452 
453 
454 
455 
450 
457 
458 
459 
400 
461 
462 
463 
464 
405 
466 
467 
468 
469 
470 
471 
472 
473 
474 
475 
476 
477 
478 
479 
480 
481 
482 
483 
484 
485 
486 
487 
488 
489 
490 
491 
492 


Locality. 


State  or  Terri- 
tory. 


V 

X 

■ 


c 
•  o 

e 


9 

ce 
> 


Reference  Bta- 
tion. 


Burrows  Mountain California 

JJehriug's  Store do 

Morrow  Mountain ' do 

Eisen  Vine yanl j do 

Mark  Mood  Meadows do 

Bald  Rock L ...  do 

Lookout  Mountain do 

Dusy^H  Ranch,  on  Dinky  Creek j do 

...do 


.do 

do 

.do 

do 

do 

.do 


New  Mexico . 
...do 


.do 
.do 
.do 


Ash  Sprin«ia 

Ilyde's  Union  Saw-Mill 

Bald  Mountain  (a) 

Bald  Mountain  (6) 

Boyd's  Rjinch 

Stokes  Mountain 

Soodie's  Ranch 

Canebrake  Unuch . . . .' ' do 

Tilly'H  Ranch '....do 

Trinchera ; do 

Myers'  Ferry 

Cattle  Ranct,  Rio  Grande 

San  Cristobal  Crossing 

Ssin  Cristobal  Crossing,  high  bank 

Taos 

Ranchos  de  Taos 

United  States  Mountain  Pass  No.  1 

United  States  Mountain  Pass  No.  2 ! do 

Head  of  drain  of  Pueblo  Creek do 

Pueblo  do  Picurls ; do 

Embuda ' do 

La  Joya do 

Plaza  "del  Alcalde do 

Pojoaquo    ., .^ do 

Piieldode  San  Juan ...   I do 

Cuyamunjjjue -  - ■ do 

Jeauuue  Creek,  crossing  S.  F.  and  T.  Road; do 

Costilla  Pas.s  , do 

Burbank's  Ranch ' do 

Pur;;aloire  R<»ad,  7  miles  east  of. Trinidad     Colorado 

Pur;;atoire  Road,  4i  miles  west  of  Trinidad do  , 

Canienin's  Comor New  Mexico 

Ponil  Pass  , ' do 

Taos  Pass ' do 

Taylor's  Ranch I do 

Fort  Union I'. I do 

Doiljie's  Cut-oflf j  .  -  do 

Lt»s  Alamos do 

Stone  Raueh,  Canadian  Road i do 

Lake  east  of  Mora do 

Calieute , " 

Paiinia. 

HavilihTowu 

Pal  hum's  Ranch., 

Walker's  J*a.«*s,  summit  of 

BikIs'  Siiriu;is 

AV'ehUu 

l)abloue;:a  Hot  Springs.. 

Granite  Station »... 

Barkers  Ranch 

Bak«*i-sli<'ld 


Gib 
646 
Ub 
646 
65a 
65a 
65a 
65a 
65a 
65a 
65a 
Coa 
65a 
65a 
65c 
65c 
65c 
696 
696 
696 
696 


B 
5 


i    ", 


Soap  Spring 

Tr.jcm  Ranch 

Diivid  MeKenzie's  Ranch 

Twin  Lake  

Breckiiiiiil^e  Mountain 

Lievre  Raucli. .  1 

Hugln's  llauch.. 

Junction  of  Lievro  and  Caatac  Creeks  .   . 

Xt^wliall's  Raueh  

San  I'ernauilo  Tunnel,  south  mouth 

San  Feniando  Mission 

Brown's  Raneh    

Divide  <m  idd  stage  road  bet  ween  San  Fer- 
nando Plains  and  Simi  Valley. 


California 

. .  do 1 


do 

.do 

do 

.do 

.do 

.do 

-do 

<lo 

do 

do 

do 

.do 

.do 

do 

do 

.do 

.do 

do 

.do 

do 

do 

.do 


69(2 
G9d 
69ri 

md 

69d 
69(f 
69rf 
69d 

aod 

69d 
69<i 
69rf 
69d 
70a 
70rt 
70o 
70rt 
70a 
70a 
70a 
7(ki 
70c 
70c 
70c 
70c 
70c 
73a 
73a 
73a 
7:{a 
7:Ja 
7:5a 
73a 
73a 
73a 
7:'>a 
73a 
73a 
73a 
73rt 
73a 
73a 
73c 
73c 
l^c 
I'.ic 
73c 
7.3c 
73c 
73c 


11 

3 

7 

D.M. 

5 

8 

3 

3 

2 

2 

6 

3 

4 

3 

5 

3 
o 

2 
3 
2 
2 


Sacramento 
.  -  do 


— do 

...do 

—  do , 

...do 

Camp  21    . 
Sacramento 
do 


—  do 

. . .  do 

. .  do 

do 

.  ...«lo 

Los  Angeles 

..  do..*:.... 

do 

SjintaF6  ... 

do.. 

do 

do 

...do 


1 

1 

1 
o 

1 
1 


Santa  Fe. 

...do  .... 
tio 

...do  .... 

.     do 

do 


1 
1 


Santa  Ft' 
....do 


1 
2 
3 
3 
3 
1 
1 
1 


Santa  Fe. 
do 

..  do  .... 

do 

...do    ... 

. .  do  . . . 
do 

...do*...- 


:    rr, 


2 


I  ^ 


1  and  2 
1 

o 

it 

1 

3 

2 

1 
o 

2 

»> 


3 

1 

2 

3 
o 

3 
1 
2 
1 


Santa  F6 

..  do 

do 

. ..  do    

Los  Angeles 
. .  do  . . .   ... 

. .  do 

..  -do 

.  ..do 

...do  

...do  

-.  do 

...do 

. . . do 

...do  

. . . do 

..  do 

...do  

. .  do 

...do 

...do 

...  do 

...do 

. .  do 

do 

...do 

.-  do 

...  do 


APPENDIX   0  0. 
List  of  Al1iiude9—ContiTined, 


2m 


I 

m 

a 
s 

Z 


Locality. 


B  t«po  Ranch 

i  Simi  Kanch 

5   Los  Pozos  Kanch 

J    ftprinjfvine 

'    Conejo  Ranch 

i    Santa  Rosa  Valley   

»    Kewberry  Park,  Camp  39 

Potraro 

,  Uon'HHead 

Los  EncinoB  Ranch 

Cfthnenffa  Pass    

Ssota  Monica 

Lankershin's  Kanch 

Sycamore  Grove 

General  Stoneman'a  House .. . . . 

Sao  Gabriel  Peak 

i  Azusa 

Dalton's  Ranch 

San  Gabriel  Mine 

Pinto  Rock 

The  Narrows 

i  Cucamonga  Ranch 

Stn  Bernardino 

Stockton's  Cabin 

!  IUtthew*s  Ranch 

CiOon  Canon  (Fear's  Station) . 

Cox  Cabin 

Bear  Valley  Town  Hotel 

I  Forsee's  Ranch 

!  Tannery 

Sawmill  in  Little  Bear  Valley 

{  Whisky  Johnny's 

\  Waterman's,  R.W 

CoHon 

Oak  Spring  Encinoso 

i  High  Peak 

l^  Plaza  Mangos 

Eito  Quemado 

LaPiUa 

jllulligan's 

1  Coyote  Spring 

Ban  Francisco  on  Rio  Puerc«  .. 

LaBiriiMla 

Santo  I>omingo 

LoePinos 

Peralta 

Vew  Placers 

Placer  Peak 

Pedemal  Water  Hole 


\\ 
\\ 
I 
I 

ll 
I! 

»! 

i: 
\ 

8 

li 

I- 


PedenudPeak 

Pedemal  Pass 

8«i  Marco's  Spring 

South  Sandia  Peak 

Indian  Ranch 

hikaBlanca  

Kio  Grande  at  Ford 

Itnta  AAa 

nvide,  ea«t«m  rim  Rio  Pueroo 

SanLonisRey  

Mouth  of  RioCallo 

T^ras,i  mile  above 

Socorro  Ford 

Bocorro 

Paeblo  Springs 

CcoTO  de  Culebra 

Cnlebra  Spring 

Socorro  Peak 

Polvadero  Peak 

Olio  do  la  Ouinca 

tadmnesPeak 

San  Jos6 

JUo  Grande  Ford  near  Socorro .. 


State  or  Terri- 
tory. 


California... 

...do 

...do 

...do 

...do 

...do 

...do 

..  do 

...do 

...do 

...do 

..  do 

..  do 

...do 

...do 

...do 

...do 

...do .. 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

....do 

...do 

....do 

...do 

...do 

...do 

....do 

do 

New  Mexico . . 

..  do 

...do 

...do    

Arizona 

....do 

...do 

New  Mexico . . 
....do 


do 

.do 

do 

.do 

do 

.do 

do 

.do 

do 

.do 

.do 

.do 

.do 

do 

do 

do 

do 

do 

do 

do 

.do 

.do 

do 

.do 

do 

.do 

.do 

.do 

.do 


i 


73c 

73« 

73c 

73c 

73c 

73c 

73c 

73c 

73c 

73c 

73c 

73c 

73c 

73c 

73c 

73c 

73c 

73c 

73<l 

73d 

73d 

73d 

73d 

73d 

73d 

73d 

73d 

73d 

73d 

73d 

73d 

78d 

73d 

73d 

76d 

76d 

76d 

7ed 

76d 

7Cd 

76d 

77a 

776 

776 

776 

776 

776 

776 

776 

776 
776 
776 
776 
776 
776 
776 
776 
776 
776 
776 
776 
77c 
77c 
77c 
77c 
77c 
770 
77c 
77c 
77c 
77c 
77c 


9 

a 

9 


Reference  sta- 
tion. 


i 

« 

I 


"3 


2 
1 
2 
2 
4 
1 
3 
5 

a 

7  and  5 
1 
4 
2 
1 
1 


2 
1 
2 
2 
2 
2 
2 
7 
4 
2 
4 
2and2 
4 
2 
1 
2 
1 
2 
5 
3 
2 
4 
2 
8 
2 
3 

•  •  •      •  •  •  ■ 

1 
1 
1 
3 
4 

D.M. 

and  3 
« 
1 
2 
7 
2 

D.M 
1 

1 
2 
1 
2 
1 
2and8 
2 
3 
4 
10 
5 
2 
4 


LoaAngelea .. 

do 

— do 

— do 

do 

. . .  do , 

do 

do 

do 

— do 

..  do 

. . .  do 

do 

do 

. . .  do 


Los  Angeles 
..  do 


...  do 

do 

...  do 

....  do 

.  ...do 

— do 

do 

do 

— do 

— do 

do 

...  do  

— do 

— do 

do 

—  .do 

Silver  City.. 

....do 

....do 

....do 

do 

Fort  Bayard 
....do 

Santa  F6.... 


Santa  F6. 
...  do  .... 

do 

do 

Camp  22 
Santa  F6. 

Camp  28. 

Santa  F6. 

irTdo    ... 

. . ..do  . . .. 

. .  do 

—  do 

do 

do 

...do 

. ..  .do    . .. 

do 

...  do 

. .  do  . . . 
. . .  .do  . . . . 

..do 

do 

....do    ... 

..  do.... 
do 

...do... 

Camp  42  . 

Camp  46  . 

Santa  F6. 


F§eL 

1,373.0 

673.6 

258.6 

48.4 

679.3 

174.7 

830.1 

1,027.9 

1,003.4 

772.6 

750.0 

15.4 

5G8.8 

447.2 

645.1 

6,232.0 

593.7 

568.2 

1,702.6 

3,908.4 

2,507.0 

1,168.0 

950.1 

5,876.9 

6,294.4 

3.162.2 

5, 329. 1 

6. 592. 0 
3,  587. 1 
4, 399. 9 
4,884.7 
5,185.9 
1,908.4 

808.2 

7. 203. 6 
9,434.2 

*7, 318. 8 
6,826.7 
o,  o4".  o 

6,  912.  a 
6,  874. 8 

5. 444. 1 

5,  514. 6 
5, 109. 8 

4. 674. 8 
4, 661. 1 
6,666.9 
8.965.2 
7, 140. 1 

7,580.3 

7. 180. 7 

6.  055.  8 

8,  567. 4 
5.290.3 
5,170.3 
5, 107. 1 
5,292.0 
5. 934. 1 
5, 152. 0 

5,  019. 1 

6,  306.  3 
4, 533.  8 
4, 619. 3 
6,  398. 1 
6,992.2 
5, 706. 6 
7,28L1 

7. 324. 9 
5. 673.  4 

9,  214.  3 
*5, 057. 1 

4,626.9 


133  E 
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List  of  J{/t/iM2e«— Contianed. 


g 

s 

"A 


421 

422 
423 
424 
425 
426 
427 
42H 
429 
430 
431 
432 
433 
434 
435 
436 
437 
438 
439 
440 
441 
442 
443 
444 
445 
446 
447 
448 
449 
450 
451 
452 
453 
454 
455 
456 
457 
458 
459 
460 
461 
462 
463 
464 
465 
466 
467 
468 
4(19 
470 
471 
472 
473 
474 
475 
476 
477 
478 
479 
480 
481 
482 
483 
484 
485 
486 
487 
488 
489 
400 
491 
492 


Locality. 


State  or  Terri- 
tory. 


c 


c 
c  J 

s 


Reference  sta- 
tion. 


BiiiTOWB  Mountain California  — 

Bchriug'H  Stort* i do 

Morrow  Mountain ' do 

EiHen  Vint' yanl ' do 

Murk  Moml  Meadows I do 

BiUd  Rock ...do 

Ixxtkout  Mountain do 

Dusy'H  Ranch,  on  Dinky  Creek | do 

Ash'Sprinjia , ' do 

IlydfH  Uuion  Saw-Mill ...do 

Bald  Mountiun(a) |. ..  do i 

Baild  Mountain (6) do : 

Boyd'H  Ranch j do \ 

Stokes  Mountain 1 do 

S<MKli««'s  Ranch do 1 

Canebrake  Ranch...." do ! 

Tilly'H  Ranch ....do ' 

Triuclu'ra I do | 

Mver»'  Ferry 

Cattle  Rancl),  Rio  Grande .  j 

San  Cristobal  Cniseing New  Mexico . . ; 

Sxm  Cristobal  CroHsiug,  high  bank do 

Taos ....do I 

Ranclios  de  Taos do ! 

United  States  Mountain  Pass  No.  1 do 

United  States  Mountain  Pass  No.  2 1 do \ 

Head  of  drain  of  Pueblo  Creek do 

Pueblo  do  Picuris | do 

Embuda do 

La  Joya do 

Plazadel  Alcalde | do , . 

Pojoaque    ., ^ ; do 

Piiebbi de  San  Juan ...   j do 

CuyamuTi;;ue I do 

Jesuoue  Creek,  crossing  S.  F.  and  T.  Road  . . .  .do 

Costilla  Pass     , i do 

Burbauk's  Ranch I  . .  do 

Pur;ialoire  Road,  7  miles  east  of. Trinidad  \  Colorado 

Pury:atoirc  Road,  4^miles  weat  of  Trinidad do 

Cameron's  Comer New  Mexico. 

Pouil  Pass ' do 

Taos  Pass ' do 


64ft 
646 
64ft 
64ft 
6.'»a 
65a 
65a 
65a 
65a 
65a 
65a 
65a 
65a 
65a 
65c 
65c 
6.5c 
69ft 
69ft 
69ft 
69ft 


D 


11 

3 

7 

M. 

5 
8 
3 
3 
2 
2 

6 

3 

4 

3 

6 

3 
•> 

2 

3 
o 

2 


Sacramento 
„.  do 


. . ..do 

do 

...do 

do 

Catup21 
Sacramento 
...do  


...do 

. . .  do 

..  do    

do 

do 

Los  Anceles 

..  do..*:.... 

do       ... 

Santa  r6  ... 

do. 

do 

do 

...do 


do 

do 

do 

.do 


Painjja 

Ilavilih  Town 

Palmer's  Ranch. 

Walker's  I'ass,  summit  of. 


Taylor's  Ranch 

Foit  Union ! '. 

Dtxlge's  CutoflF 

Los  Alamos  

Stiuie  Ranch,  Canadian  Road j do 

Lake  east  of  Mora ,        do 

Caliente ' |  Califonila. 

.do 

.  do 

..do 

.  do 

IMrds"  Si>rin;;s i do 

Weldeu |....do 

Dalilone^ia  Hot  Springs do 

(Tranite.Slatlou 4 do 

Barkers  Ranch '  . .  do 

Bak<'i-sli«'ld !•••  *^'* 

Soap  Spriug j do 

Tejcm  Ranch '...  do 

David  McKenzic's  I^nch j do 

Twin  Lake    do 

Brcckinii<l:re  Mountain do 

Lievre  Bauch. do 

lluglies  Ranch do 

J  unci  ion  of  Liovi-o  and  Caatac  Creeks  .   do 

Newhall's  Ranch  , do 

San  Fernando  Tunnel,  south  mouth do 

San  F«rnando  Mission ' do 

..do 

..do 


Brown's  Ranch    

Divide  on  old  stage  road  between  San  Fer- 
nando Plains  and  Simi  Valle^'. 


09d 
6lNi 
md 
69rf 
69d 
69<y 
69d 
69ii 
69(£ 

md 
md 
md 

7()a 
70rt 
70a 
70a 
70a 
70a 
70a 
70a 
70c 
70c 
70c 
70c 
70c 
73a 
73a 
73a 
73a 
73a 
73a 
73a 
73a 
73a 
73a 
73a 
73a 
73a 
73a 
7.3o 
73a 
7:Jc 
73c 

7;^ 
73c 
73c 
7:)c 
73c 
73c 


1 
1 
1 

1 
1 


I- 


SantaFt. 
. .  .do  . ... 

...do 

...do  .... 
.  do  .... 
...do  .... 


1 
1 


Santa  Fe 
....do 


1 
2 
3 
3 
3 
1 
1 
1 


Santa  Fe. 

...do  .... 

..  do  .... 

..do  .... 
do 

. .  do  . . . 
do 

...doV... 


2 
«> 

2 


•     r- 


!   " 


land  2 
1 
2 
1 
3 
2 
1 
2 
2 

3 
1 

«« 

3 
o 

3 
1 
2 
1 


•> 


Santa  F\v... 

. .  do 

...do  

do 

Los  Angelea 

..do 

..do 

..do    

.do 

..do    

.do 

..do 

..do 

..do    

.  .do 

.  do 

. .  do     

.  do 

-do 

..do 

..do 

.do 

.  do 

.  do 

..do 

-  do 

.do 
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Locality. 


po  Ranch 

lU  Kanch .' 

I  Pozos  Kanch 

rin{(vUle 

ttcyo  Ranch        

ata  Ro«a  Valley 

wberry  Park,  Camp  39 

traro  

m'H  Head 

B  Encinoa  Ranch 

bnenga  Paaa   

ita  ^kU>nica 

nkernhin's  Ranch 

»more  Orove 

neral  Stiineman's  Houae ,. . . 

1  Gabriel  Peak 

uaa 

lton*8  Ranch 

I  Gabriel  Mine 

ito  Rock 

B  Xarrows  

camonga  Ranch 

1  Bernardino 

ckton's  Cabin 

tthew's  Ranch 

on  Canon  (Fear's  Station) . 

cCabin 

IT  Valley  Town  Hotel 

wee's  Ranch 

mery 

r.miU  in  Little  Bear  Valley 

lisky  Johnny's 

ktennan's,  R.W 

ton 

cSpr 

(h  Peak. 

xa  Mangos 

0  Quemado 

PiUa 

Uiiran's 

rotv  Spring 

1  Francisco  on  Rio  Puerca 

Bfi^a 

to  Domingo 

tPiuos 

alU 

ff  Placers 

cerPeak 

lemal  Water  Hole 


Spring  Encinoso 


lemal  Peak 

lemal  Pass 

Marco's  Spring 

thSandiaPeak 

ian  Ranch 

laBlanca 

Grande  at  Ford 

ta  AAa 

ide,  e^At«m  rim  Rio  Pneroo . 

Lonis  Rey  ...^ 

ithof  RioCallo 

iras,  i  mile  above 

MToFord 


»rro 

bio  Springs 

ro  de  Culebra 

ebra  Spring 

>rro  Peak 

radero  Peak 

dc  la  Quinca 

mnes  Peak 

Joa6 

Grande  Ford  near  Socorro 

133  E 


state  or  Terri- 
tory. 


CaUforaia... 

....do 

....do 

....do 

...do 

....do 

...do  

..  do 

....do 

....do 

....do 

...  do  

...  do  

....do 

....do 

...do 

...do 

...do 

....do 

...do 

...do  

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

do 

New  Mexico 

..  do 

...do 

...do    

Arizona  ..... 

...do 

..do 

New  Mexico 

...do 


do 
.do 

do 
.do 

do 
.do 

.do 

.do 

do 

.do 

.do 

.do 

.do 

do 

.do 

do 

do 

do 

do 

do 

.do 

.do 

do 

.do 

do 

.do 

.do 

do 

.do 


•s 

i 


73c 
73c 
73c 
73c 
73c 
73c 
73c 
73c 
73c 
73c 
73c 
73c 
73c 
73c 
73c 
73c 
73c 
73c 
73<l 
73d 
73d 
73d 
73d 
73d 
73d 
73d 
73d 
73d 
73d 
73d 
73d 
78d 
73d 
73d 
76d 
76d 
76d 
7ed 
76d 
76d 
76d 
77a 
776 


I 


9 


Reference  sta- 
tion. 


2 
1 
2 
2 
4 
1 
3 
5 

a 

7  and  5 
1 
4 
2 
1 
1 


Los  Angeles 
....do 


.do 

.do 

.do 

do 

do 


i 

0 


Feet 

1,373.0 
673.6 
258.6 
48.4 
670.3 
174.7 
830.1 


-do 1,027.9 


2 
1 
2 
2 
2 
2 
2 
7 
4 
2 
4 
2and2 
4 
2 
1 
2 
1 
2 
5 
3 
2 
4 
2 
•  8 
2 
8 


776 

1 

776 

1 

776 

1 

776 

3 

776 

4 

776 

B.M. 

andS 

776 

6 

776 

1 

776 

2 

776 

7 

776 

2 

776 

D.M 

776 

1 

776 

776 

1 

776 

2 

776 

1 

776 

2 

77c 

1 

77c 

2and3 

77c 

o 

77c 

3 

77c 

4 

77c 

10 

77c 

5 

77c 

2 

77c 

4 

77c 

77c 

1 

do 
.do 
.do 
.  do 
..do 
..do 
.  do 


Los  Angeles 
. . .  do 


. .  do 

. .  .do 

...  do  

....do 

'. . .  .do 

do 

do 

.  ...do 

.  ...do 

.  ...do 

do 

...  do 

— do 

— do 

do 

do 

Silver  City.. 

....do 

....do 

....do 

— do 

Fort  Bayard 
....do 

Santa  F6.... 


Santa  F6. 
..  do..., 

.  ...do 

do 

Camp  22 
Santa  F6. 

Camp  28. 

Santa  F«. 

.-  do    ... 

. ...  do  — . 

. .  do 

—  do 

— do 

— do 

...do 

— do  ... 
.. .do  . .. . 
..  do... 
..do    ... 

. .  .do 

..do 

. .  .do  . . . . 
...do  ... 
..  do.... 

...do 

..do... 
Camp  42  . 
Camp  45 . 
SanUF6. 


1,093.4 

772.6 

750.0 

15.4 

5G8.8 

447.2 

645.1 

6.232.0 

593.7 

508.2 

1,702.6 

3,908.4 

2,507.0 

1,168.0 

950.1 

5,876.9 

6,294.4 

3,162.2 

5,329.1 

6,502.0 

3,587.1 

4. 399. 9 

4,884.7 

5. 185. 9 

1,908.4 

808.2 

7.203.6 

9,434.2 

'7, 318. 8 

6,826.7 

6, 912. 2 
6,874.8 
5. 444. 1 

5. 514. 6 
5. 109. 8 

4. 674. 8 
4, 661. 1 
6,666.9 
8.965.2 
7, 140. 1 

7.580.3 

7. 180. 7 
6,  055. 8 
8,  567. 4 
5,290.3 
5, 170.  J 
5, 107. 1 
5,292.0 
5,034.1 

5. 152. 0 

5,  010. 1 
6,306.3 
4,533.8 

4.  610.  3 

6,  308. 1 
6.092.2 
5, 706. 6 

7. 281. 1 

7. 824. 9 

5,  673. 4 
0,  214. 3 
'5, 057. 1 
4,626.9 


2114 


REPORT  OF  THE  CHIEF  OF  ENGINE EK«. 


List  of  Altitudes — Continned. 


565 
566 
667 

568 

569 

«70 
671 
572 
673 
674 
675 
676 
677 
578 
679 
580 
581 
582 
583 
584 
685 

586 
687 
588 
589 
590 
691 
592 
593 
694 
595 
696 
597 
598 
599 

600 
601 
602 
603 

604 
605 
606 
607 
608 
609 
610 

611 
612 
613 
614 

615 
616 
617 

618 
619 
620 
621 
622 
623 
624 

625 
626 
627 
628 


• 

s 

Ji 

o   . 

State  or  Terri- 

.a 

• 

^1 

toty. 

1^ 

Z  > 

J 

a 

S 

o 

^ 

}25 

Beference  8t 
tioiL 


Casa  Cnlorada New  ]if«3xioo. 

Ojo  do  la  Parida do 

CeiTo  Tecolote !  —  do 

Gallinaa  Spring i do 


West  Oalliiias  Moimtaiii do 


Lag:nna  Gallinaa  do 

Gran  Quivira j...  do 

Puutadc  AfTiia <...! do 

Ix)iuita8  SpHng ' do 

Chupadero  Spring do 

Chnpadero  Ranch do 

Gallinati  Ranch i do 

...do 
...do 
...do 
...do 
...do 
...do 
...do 
...do 
...do 

...do 
...do 
..  do 


Borendo  Spring 

Pesos  del  Pino 

Los  Lunas 

Oio  del  (>so,  Camp  26. 

M  oscA  Peak 

Ojo  do  Estancia 

Rat tlt^nake  Hill 

La  Lagiina  de  Sal 

Osha  Peak 


Comanche  Cafion  Pass. 

Ojo  de  la  Casa 

Belen  


Picaohode  Sabinal \ do 

...do 
...do 
...do 
...do 
..do 
..  do 
...do 
...do 
..do 
...do 


Los  Lunas  Ford 

Manzano  Peak  

Tomascpflos  Water  Holes. 

QJodelCibolo 

CiboloHill 

Tanqiies  de  Cafioncito 

Constancia  

Ojo  de  Ims  Cafias 

Mestefiito  Itonch 

pyramid  Hill 


Upper  Abo  Pass 
Ojo  Chameleon  . . 
Alamillo 


...do 
...do 
...da 
Algodones do 


Sandia 

Alameda 

Mouth  of  Rincon  Colorado 

Hea4l  of  Cafion  Largo 

South  end  ot- Mesa  Chupaines 

Head  of  Cafion  de  Agna 

Mouth  of  Conchas  Cafion,  west  bank  of 
Arroyo. 

Church  at  Riverside 

Santa  Afia  Hotel 

Camp  Apache 

Cienega  Amarilla 


do 
do 
.do 
do 
do 
.do 
do 


ti^alifomia — 

....do 

Arizona  

New  Mexico 


Carrizo  Spring 1 do 


Gallo  Spring 
Patterson's  Ranch 


do 
do 


Paria's  Spring do 

Becker's  Store,  Springerville i  Arizona 

San  Francisco i  New  Mexico 

Torreon  Springs    - do 

Cnchilla  Negra ) do 

Ferry  to  Fort  McRae do 

FortMcRao do 


do 
do 


Eight-tenths  mile  above  Fort  McBae  . . . 

Alnmocita 

Rio  Grande,  2^  miles  above  Alamocita . . .  { do 

Chnpadero  Spring I do 


77d 
77<J 
77d 
77<J 

77d 

77d 
77d 
77* 
77<i 
77<1 
774 
77<J 
77<J 
77d 
77d 
77<i 
77<J 
77d 
77d 
77d 
77<1 

77d 
77<J 
77d 
77d 
77<J 
77<J 
77(1 

nd 

lid 

nd 
nd 
nd 
nd 

lid 

nd 

lid 

nd 
nd 

lid 

nd 

78a 
78a 
78a 
78a 
78a 

Wb 
806 
836 
83b 

836 
835 
835 

836 
836 
836 
84a 
84a 
84a 
84a 

84a 

84a 
84a 
84a 


1 

2 

7 

3  and  7 

10 

D.M. 

D.M. 
1 
3 
8 

D.M. 

8 

1 

2,5,  dc  3 


SMitaF6... 

—  .do  .   

Camp  72  ... 
Santa  F«  ai 

Fort  Crai| 
Camp  73  ai 

Santa  F^. 
Fort  Craig. 

do 

do 

...do 

do 

.  —  do 

Santa  F£... 

do 

...  do 


D.M. 
16 


6 

1 
5 

1 
2 


Santa  F^... 
Camp  26... 
Santa  F6.. 
Camp  30  . . . 
Santa  Yt... 
Camp  33  u 
Santa  F6. 
Santa  F#... 
...do 


1 
1 
1 
2 
1 
2 
1 
2 
8 
4 

1 

4 

2 

D.M. 

1 
1 
3 

4 
5 
1 
8 

1 
2 


2 

2 

4and2 

2 
2 
2 
D.M. 
1 
1 


3 
1 
8 
6 


Santa  F6... 

. ...  do 

do 

—  do 

do 

..  do 

do 

. . .  .do  . ..... 

do 

Camp  58  ai 

Santa  Ff . 
Santa  F^... 
Camp  10 ... 
Santa  F6.-. 
George  ton 

anciSanta 

....do 

do 

SanUF^... 

...do 

do 

— do 

do  ...'.,. 

Lob  Angele 

. .  ..do 

Santa  F6... 
FortBavar^ 

SUvefCit 
Fort  Bayan 

do 

Fort  Bayan 

SUverCit 
Silver  City 

do 

do 

SantaF6... 

...do 

do    

SilverCityi 

SanUFA, 

SanUF6... 

...do 

do 


APPENDIX   O  O. 


2115 


List  of  Jltitudea — Continued. 


Locality. 


State  or  Terri- 
tory. 


ristobal New  Mexico 

do 

Ferry 

it4H)  Peak  . . . 
Dica  Springs 


lenaPeak 

Peak 

iteo  Divide 

liente 

Ranch  

mp  Sherman 

Station 

Vincent   

ght'8  Ranch 

ental   Divide,  head   of    Cachillo 

o. 

f  Middle  Fork  Cuchillo  Negro .... 

Spring    

?ntal  Divide,  on  road  from  Ojo  Ca- 
>i  to  Shaw*a  Ranch. 

raig 

int's  Ranch 

ig  Springs* 

Peak  

Spring 

M)  Spring 

Peak 


anton 

'8  Mill 

fCarrizo  Creek 
Blanca  Peak 


erros  Spring w 

irrizo  Cone 

y's  Ranch.  Carrizozo  Spring  . . 

^nd  of  MalPais 

Oak  Sprine 

8  Ranch,  Jicarilla  Mountains. 
's  Ranch,  Jicarilla  Mountains 

icarillaCone 

Uano  Spring 

'olorado 

ilro    


trcial  

Water  Holes 

>8cura  Monntain 

is  Spring 

lagro 

cito     

PS  above  Mal-Pais  Spring 

Iden 

f  Rocks    

I  or  Martin's  Ranch  ..  

nk  Rio  Grande,  opposite  Polomas 

inde,  30  miles  from  Polomas 

IHiU  


...do 
..  do 
...do 
..  do 
..  do 
..  do 
...do 
..do 
..  do 
...do 
...do 
...do 
...do 
..  do 
..  do 
...do 
..  do 
..  do 

Ranch do 

Ranch,  Animas  River do 

I  Peak    do 

at  head  of  Perces  River do 

f  Sierra  Blanca  Creek do 

at  head  of  Chicken  Creek do 

r's  Ranch ! do 

iO  Plaza,  Rio  Grande I do 

)  Peak 

's  Ranch 

enaPass 


ro' 

Ford  of  Black  River 
inch 


ce  to  NelVs  Pass 
a    


m 


< 


.do 

do 

.do 


84ft 

84ft 

84ft 

84ft 

84ft 

84ft 

84ft 

84ft 

84ft 

84ft 

84ft 

84ft 

84ft 

84ft 

84& 

84ft 

84ft 

84ft 

84c. 

84c 

84c 

84c 

84c 

84c 

84c 

84c 

84c 

84c 

84c 

84c 

84c 

84c 

84c 

84c 

84c 

84c 

84c 

84c 

84c 

84c 


'Si 

J5 


0 

1 

D.M. 

8 


9 
3 
1 
4  and  2 
4 
D.M. 
3 
6 
2 
1 


D.M. 
1 

D.M. 

3 
D.M. 

9 


2 
9 

1 
9 


6 
3 
6 


5 
4 
9 
1 
1 
D.M. 
7 
4 
3 
5 
3 


Reference  sta- 
tion. 


D.M. 
5 

D.M. 
2 
2 


Camp  42 

Santa  F6 

.    do 

do 

Silver  City  and 
Santa  f6. 

Camp  40    

.   -do 

Silver  City  .. 

. .  do 

...do 

do 

...  do  

do 

do 

do 

do 

—  do 

do 


Santa  F6 

— do  ... 

Fort  Craig... 
Dripp'g  Spring 
Fort  Craig   . . 
...do........ 

Camp  50 


Fort  Craig  . . . . 
Fort  Craig  and 
Santa  1%. 

Fort  Craig 

....do 


Fort  Craig . 

...do 

. . .  do , 


Camp  71  ..... 
Fort  Craig  ,. 
Camp  81 
Fort  Craig . . 

do 

do 

Camp  93 

Fort  Craig.. 
....do 


Fort  Bliss. 


Silver  City  . 

...do 

. .  do    — 
Fort  Bavard 
SUverCity.. 
...do....... 

3  ....  do    

D.  M.     Fort  Bliss. . . 

1     Silver  City.. 

4  .... do  

1  ...do  

4    ...do  

2  ...  do 

1     Camp  48  ... . 
4     Fort  Bayard 

1  ....do  

2  I do 

2    do 

1  I. ...do 

2  I do 

1  \....do 


FeeL 
6,  646.  2 
4,  319.  2 

4,  352.  5 
10,  208.  6 

7, 601.  9 

10,  798.  0 
9,  919.  8 
8,960.1 

6,  081.  0 

7,  255.  7 
6,  926.  6 
6,  593.  0 
6, 188. 1 

6,  237.  2 

7,  698. 2 

7,628.3 
7,585.2 
7, 921. 5 

4, 447.  5 
4,634.0 

5,  623.  4 
9,  039.  5 
4,  335.  7 

4,  783. 1 
9, 983.  0 
6, 151.  5 
6, 491.  0 

8,  831.  3 

11,  692.  3 

6, 127.  7 
7,  975. 7 

5,  300.  0 
5, 360. 4 

6,  617. 7 
6, 988.  3 

6,  582. 4 

7,  726.  7 
5,  348.  2 
5,  653. 7 

4,  488.  4 
4, 385. 1 

5,  461.  3 

8,  732.  3 
4, 105.  6 
5, 172.  6 
6, 428. 3 
4, 115.  0 
3.900.0 

4,  268.  3 
4,594.3 
4, 120.  8 

3,  955  5 
6. 588  9 

5,  223.  8 

6,  Knr.  3 

4,  183.  5 
6,683.3 
4, 100.  4 
4,  021. 4 
4,  691. 9 
6, 106. 1 
8,  264. 2 

6,  307. 1 
7, 445. 1 
5,086.2 
4,  007. 8 
4,  824.  5 
4,  Gift.  V 


,-> 
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IHtudes  of  Points  of  Interest  in  and  about  the  Tosemiie  Valley,* 

WATERFALLS. 


Height  above 
valley. 

Heieht  of 
fall. 

Remarks. 

Feet 

2,550 

1,114 

488 

Feet. 

Measured  by  theodolite  and  barometer. 
Measured  by  barometer. 
Measured  by  theodolite. 

ran 

1,436 
626 

488 

1,957 
1,352 

Measured  by  barometer. 
Do. 

605 

Do. 

1,^25 
782 

Do. 

843 

Do. 

referred  to  floor  of  upper  bridge,  3,851  feet  above  sea  by  barometer, 
led  for  immediate  use  from  such  observations  as  have  been  worked  up.    Additions 
as  the  computations  are  completed. 

POINTS  IN  THE  VICINITY  OF  THE  VALLEY. 


0" 

•  •  •  • 

ler) 
>r). 


Heightabove 
valley. 


Feet 
2,356.0 
2, 340.  0 
3,060.0 
3, 257. 0 
2, 593. 0 
3, 818. 0 
5, 921.  5 
4,953.0 
4, 160. 0 
3,633.0 
1, 154. 0 
2,67&0 
2, 579. 0 
5,17L0 


Height  above 


Feet 
6,207.0 
6, 191. 0 
6,920.0 
7, 108. 0 
6,444.0 
7,609.0 
9,  772.  5 
8,804.0 
8,  Oil.  0 
7. 484.  0 

5,  005.  0 

6,  520. 0 
6, 430.  0 
0,022.0 


Remarks. 


Measured  by  theodolite. 

Do. 

Do. 

Do. 

Do. 

Do. 
Bv  barometer, 
lieasured  by  theodolite. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 


PROMINENT  PEAKS. 


Heightabove 
sea. 

Measured 
by- 

Remarks. 

Feet 

11,295 

12, 518 

11,231 

10,872 

11,442 

18, 191 

6,910 

7,153 

8,136 

Barometer . . 

— do 

do 

..  do 

do 

do 

. . .  .do 

do 

..  do 

Also  called  Gothic  Peak  and  the  Obelisk. 

Near  Cathedral  Peak. 

Highest  of  the  Mount  Clark  Group. 

POOEAPHICAL  MAPS  AND  PBOGBESS-SHEET. 


ar  topographical  atlas-sheets,  on  a  scale  of  1  inch  to  4 
kd-classification  areas  added,  will  accompany  the  extra 
T  of  this  report^  but  are  not  forwarded  for  insertion  in  the 
le  Chief  of  Engineers.  These  are  numbered  32  D,  47  B  + 
A,  78  A,  84  B,  and  lie  in  the  political  divisions  of  Cali- 
^  aad  New  Mexico.    The  large  amount  pf  collected  toyo- 
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graphical  data  remaiuing  unpublished  {i.  e.,  nearly  forty  atlas-sheets), 
would  admit  of  the  preparation  of  a  much  larger  number  within  a  year, 
but  the  office  has  not  had  available  draughtsmen. 

The  progress-map  herewith  submitted  shows  the  extension  of  the 
rectangle  scheme  eastward  to  the  Mississippi  River,  thus  giving  1^ 
divisions  instead  of  95,  as  heretofore.  The  divisions  are  of  convenient- 
sized  areas,  and  can  be  used  as  the  basis  of  a  further  subdivision,  aud, 
since  the  special  projection  practiciilly  limits  distortion  to  a  miniinnm 
and  admits  of  the  conjoining  of  the  sheets,  it  is  respectfully  suggested 
that  all  maps  hereafter  made  of  this  region  by  the  Engineer  Departinent 
might  be  constructed  upon  this  ijrojection  to  secure  uniformity.  Tke 
altitudes  of  a  number  of  barometer  reference-stations  have  been  added, 
and  the  map  brought  down  to  date  as  nearly  as  the  limited  time  for  its 
revision  has  permitted. 

LAND  CLASSIFICATION  AREAS  AND  MAPS. 

Observations  upon  the  varied  native  resources  of  the  soil  and  underiy- 
ing  rock  were  undertaken  as  early  as  1872,  having  been  required  by  the 
instructions  of  that  year.  The  systematic  classification  of  the  land  in 
conjoining  areas  was  only  begun,  however,  in  1874,  and  has  since  cod- 
tinned  with  increasing  detail  year  by  year  without  interruption.  Witii 
out  appreciable  additional  time  or  cost,  the  measurements,  examinations, 
and  notes  required  by  which  to  demark  the  boundaries  between  tracts 
valuable,  for  instance,  for  grazing  or  as  timber,  can  be  made  by  tJie 
assistants  engaged  in  the  triangulation  and  topographical  observations 
required  in  the  general  topographical  survey  of  a  given  region,  aj»d 
thus  the  quality  of  the  land  becomes  known  before  it  is  parcelled  out 
into  legal  subdivisions.  It  cannot  be  expected,  nor  is  it  claimed,  that 
the  results  are  more  than  approximate,  as  no  rigid  rule  can  be  applied, 
and  the  judgment  of  the  individual  must  often  decide  where,  for  instaDce, 
should  be  noted  the  gradation  from  the  grazing  to  the  timber  line,  along 
sloping  foot-hills,  where  the  former  advances  into  timbered  areas.  The 
grazing  may  be  either  good  or  bad,  it  being  impracticable  in  most  cases 
to  note  with  accuracy  the  variations.  At  most,  the  percentages  given 
are  but  approximations. 

The  agricultural  land  reported  in  the  accompanying  tables  is  confined 
to  the  area  that  can  be  cultivate  by  irrigation,  it  having  been  ascer- 
tained that  a  sufficient  quantity  of  water  is  available,  and  as  the  esti- 
mates have  been  kept  below  a  minimum,  it  is  fair  to  presume  that  »t 
some  future  period  the  amount  actually  cultivated  may  prove  to  be  i^ 
excess  of  amounts  stated,  resulting  from  the  small  local  increase  due  to 
irrigation  itself,  not  taking  into  account  the  periodic  changes  in  rainfaB* 
Soil  susceptible  of  cultivation  by  means  of  irrigation,  and  for  which  w»t^ 
cannot  apparently  be  had,  has  been  thrown  into  the  division  of  arid  »Dd 
barren.    On  account  of  the  expense  of  publishing  in  colors,  only  fo^ 
divisions  have  been  shown,  i.  e.,  (1)  arable  or  agricultural  with  irrig** 
tion;  (2)  arid  and  barren;  (3)  timber;  (4)  pasturage  or  grazing. 

The  number  of  divisions  can  be  largely  expanded,  however,  and  ^^ 
late  have  covered  the  ca^es  given  below  that  serve  as  a  description  <>^ 
all  classes  now  known  to  the  law  in  its  disposition  of  the  public  laad^ 

(  without  irrigation. 

1.  Arable  or  agricaltural,  <  with  irrigation  (bufflcient  water  being  available)|  or  dri**'*' 

(      age. 

2.  Timber,  J  L?  Jlfj^n  ?  with  prevailing  species,  as  live-oak,  cedar,  &c. 


APPENDIX    0  0.  2119 

fUrage  on  grazing,  <  S^l  ??^    J  with  species  and  quality  of  grasses. 

.  or  barren,  including  "desert-lands." 

mp,  tide,  and  overflowed. 

btion  of  the  precioas  and  economic  minerals,  such  as — 


in  place  or  placer. 

8.  Tin  or  nickel. 

, 

9.  Antimony  and  arsenic. 

bar. 

10.  Sulphur. 

r. 

11.  Sodium,  chloride  and  carbonate  of. 

12.  Alum  and  borates. 

13.  Peats,  marls,  and  clays. 

14.  Asphaltum,  petroleuni. 

'ollowing  table  exhibits  the  approximate  percentag^es  found  in 
^ainined  that  exceed  125,000  square  miles.  More  values  will  be 
s  fast  as  they  can  be  prepared.  While  the  percentage  of  "ara- 
pears  small,  still  the  area  actually  "  arid  and  barren,^  and  worth- 
agricultural  purposes  in  but  one  case  reaches  53.18  per  cent. ; 
:  is  to  be  remarked  that  quite  a  number  of  these  atlas  sheets 
e  some  of -the  most  completely  desert  portions  of  the  United 


TT 


im-m 


APPENDIX   OO. 


2121 


:  f. 


§ 


f 


II  I 

5  5   JS 


M     ^     M        S 

1  1  ti 

8    -d 


8-X 

It 
II 

a* 


s 


H 


as 


I 


„    f  .f  .si . 

Sao      A  "  p,^ 
'SfcfSo'gSSo 

33  2323  53  *  2 

A4A4      P4      PL|      p^H 


«4    «;j^    ^    rf    gjrf 


9 


t^  erf" 


s  2^ 


■»       >      J  p  m  •        • 

oQ^io     m     9     1^  ^ 
Mtoo     oS     9>     ^S 


s 


^ 


S^  ■     •     •        •  •  •     • 


I 


S9S    8    Sg    S^ 


«     p     ^     fe« 


I 
I 


2122 


REPOKT  OF  THE  CHIEF  OF  ENGINEERS. 


Adverting  to  the  mooted  question  of  a  change  in  the  system,  or  rather 
of  the  size  and  shape  of  the  tracts  of  land  to  be  parcelled  out  to  the  settler, 
it  may  be  said  that,  should  a  classification  resulting  from  observations 
made  by  topographical  engineers  engaged  in  a  general  survey  be  devel- 
oped to  embrace  the  whole  public  domain,  an  intelligent  idea  could  then 
be  formed  of  the  necessity  therefor;  and,  ad  interim,  the  rights  of  the 
settler  now  occupying  in  advance  of  the  land-survey,  as  well  as  those 
electing  meanwhile  to  homestead  upon  the  public  domain,  would  be 
preserved  under  existing  laws,  the  government  thereby  reserving  all  its 
rights  as  trustee;  and,  indeed,  no  change  should  be  made  in  the  presat 
subdivision  of  the  townships  until  the  government  is  possessed  of  M 
information  upon  which  to  base  a  new  plan,  such  as  could  alone  resnlt 
from  a  cohiplete  and  exhaustive  classification  of  the  entire  area  remain- 
ing unparcelled.  The  number  of  land-classification  sheets  published  to 
date  is  twenty-one,  and  twelve  others  are  in  various  stages  of  completion. 

ROUTES  OF  COMMUNICATION. 

Lists  of  distances  over  the  most  important  routes  of  the  regions  vis- 
ited by  the  several  main  parties,  prepared  under  the  supervision  of  each 
chief  of  party,  are  herewith  given. 

The  special  report,  giving  lists  of  geographical  positions,  altitudes, 
distances,  &c.,  being  again  delayed,  will  contain  a  combined  exhibit  ot 
all  prominent  route-distances  obtained  up  to  and  including  1879. 

List  op  distances  between  prominent  points  meandered  by  party  no.  % 

COLORADO  SECTION,  187a. 

Fort  Bliss,  Tex.,  to  Fort  Craig,  N.  Mex. 
Fort  Stanton,  N.  Mex.,  to  Fort  Bliss,  Tex. 

From  Fort  Bliss f  Tex.,  to  Fort  Craig,  N,  Mex, — AtlMsheets  Nos,  90  and  84. 


Fort  BUM 

.  Jackson's  Banch  (or  Cottonwoods) 


Las  Graces 

Dofia  Ana 

FortSelden  .... 
Point  of  Bocks. 


Aleman 

Tonssalnt's  Ranch. 
Par^Je 


Ferry  . . . 
Fort  Craig 


Distance  in  miles.  * 


§1 


25.24 

2L11 
0.05 
9.39 

19.87 

17.63 

2L08 

ia52 

3.37 
6.70 


25.24 

4a  35 
52.40 
61.79 
81.66 

99.19 

120.27 

138.79 

142. 16 
147.86 


147.86 
122.62 

101.  51 
95.46 
86.07 
66.20 

4a  67 

27.59 

9.07 

6.70 


9 


8-3 


43 


3,622.9 
3, 737. 8 

3, 808. 5 


Bemarks. 


3,900.0 
4, 268. 3 

4, 694. 3 

4,634.0 

4, 319. 2 


4,447.6 


Three-company  post       ^^ 
Government  agency;  ■«^<'*'"' 

water,  and  grazing.  ^^^ 
Town ;  government  ggC^'^' 
Town. 

Wood,  water,  and P^sio^i 
Stage-station ;      water     ""^ 

grazing;  fuel  scarce.  ♦ 
Martin's  Well ;  govemi^en'' 

agency ;  good  V^^^^^m 
Government  agency ;  ^  '^ 

in  tanks ;  good  grazi**^'^-^ 
Mexican  town;  govenx***" 

agency ;  no  grazing.  .^ 
Croasing  of  the  Rio  &r«*»^^ 
Grood  grazing ;  water  p**'* ' 


From  Aleman  to  Fort  MoRae,  16.93  miles. 

From  Fort  MoRae  to  Touissaints,  12.36  miles. 

Boad  follows  east  bank  of  Rio  Grande  and  crosses  river  at  ferry.    Fort  Craig  is  on  west  bank 
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"fYam  Fort  Stanton^  N.  Mex,,  to  Fort  Bliss,  Tex,—AHaS'Sheei  No,  84. 


U 
1. 


ich 


Spring. 


I — 


Distance  in  miles. 


;3 


s 


20.88 

18.18 
17.27 
25.78 

30.80 

47.76 


17.07 
18.00 


28.62 
10.80 


I 

00 

II 

a 


30.06 
56.33 
82.11 

112.91 

160.67 


17.07 
35.07 


I 


;  160.67 

20.88     139.79 


121.  61 

104.34 

78.56 

47.76 


35.07 
1^00 


9 
> 

I 


6, 151. 5 
6,491.0 

6,44&6 
4, 357. 5 
3, 88a  3 

4,37&0 

3.622.0 


3,888.3 
4. 2ia  0 

4.37a0 


Bemarks. 


Four-company  post. 
Govemment  agency;    good 

grazing. 
Do. 
GrOTemment  agency ;  town. 
Water     strongly    alkaline ; 

poor  grazing ;  little  fueL 
Grovomment   agency;    good 

grazing. 
T&ee-company  post. 


Good  water;  fuel  and  poor 
grazing. 


LD-DISTANGE8  BETWEEN  PROMINENT  POINTS  MEANDERED  BY  PARTY  NO.  1, 

UTAH  SECTION,  1H78. 

1.,  to  Taylor ville,  Cal. 
1.,  to  SesmBf  Cal. 
fch,  to  Pratt  ville,  Cal. 
Cal.,  to  Qaincy,  Cal. 
!al.,  to  Taylorville,  Cal. 
le,  Cal.,  to  Quinc^,  Cal. 
,  Cal.,  to  Susan vilie,  Cal. 
3,  Cal.,  to  Red  Bluff,  Cal. 

From  Chico  to  TaylorvUlef  Cal, — Atlas-sheets  Nos,  47  C  and  A, 


loe 


[oase  ■ . . 
House. 


ndge. 


Distance  in  miles. 


e 

H 


12.95 

9.55 

10.71 

3.90 

7.67 

1L63 

8.67 

14.91 

4.98 

L30 

4.85 


6 

:a 
s 


12.95 

22.50 
33.21 
37.11 
44.78 
56.41 
65.08 
79.99 
84.97 
86.27 
91.12 


9L12 

7a  17 

68.62 
57.91 
54.01 
46.34 
34.71 
26.04 
1L13 
6.15 
4.85 


► 
1-3 

9 


B 


177.8 

502.5 

2,667.0 
4,80a3 
6,07a0 
5,75ai 
4,300.0 
4, 394. 1 
3,543.8 
3,306.0 
3, 375.  0 
3,479.0 


Remarks. 


Via  Butte  Creek  road,  Pratt- 
ville,and  Arlington  Bridge. 
Wood  and  water;   no  pas 
turage. 

Do. 

Do. 

Do. 
Wood,  water,  and  pastorage. 
Toll-f^te;  water;  pasturage. 
Town;  pasturage. 
Pasturage  near  town. 

Do. 
Pasturage,  wood,  and  water. 

Da 


I 
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From  Chioo  to  TaytorvUley  Cah — AtUusheets  Noe,  47  C  and  A — Continued. 


Chico 


Wrfd'8 


Lomo 

Colby's 

ToUgate 

Batte  Creek  Bridge 

Prattville 

Greenville 

DeadftOl Bridge  .... 
Taylorville 


Distance  In  miles. 


P 


15.980 

13.566 
9.884 
&380 
a  108 
7.418 

14.010 
9.730 
L850 


8 


15.980 

29.546 
39.430 
47. 810 
55.918 
63.336 
78.246 
87.976 
89.826 


05 


89.826 


73.846 

44.300 
50.396 
42.016 
33.908 
26.490 
1L580 
1.850 


ri 

S 


^ 


177.3 


2,217.4 

3, 847. 8 
4, 989. 7 
5,426.6 
4,691.6 
4,394.1 
3,543.8 
8,426.0 
3, 479. 0 


Remarks. 


Via  Chico  Creek  toD-nid. 
Prattville,  and  DeadfAll 
Bridge. 
Wood  and  water;   no  pii- 
turage. 
Do. 
Wood,  water,  and  pastange. 
Do. 
Do. 
Town;  pastnrage. 

Do. 
Wood,  wat«r,  and  psitanfi. 
Town;  pastnrage. 


From  Chico  to  Senna,  Cal^Atlaa-aheeis  Nos.  46  B  and  D. 


Chico 

Phillip  Banoh 


Sesma. 


Distanoe  in  miles. 


^1 


8 


t 


1^ 


12.138 
14.558 


9 

I 

I 


12.138 
26.696 


26.696 
14.558 


I 


<M   > 

«  z 

I 


177.3 
242.1 

260.0 


Remarks. 


Town. 

Ranch;  wood  sosroe;  wittf 

and  pasturage. 
WiUiamaon's  store. 


From  Setma  to  PraHvUlef  Cdl.—Atlas-^heeta  No8,  46  B  and  47  A, 


Sesma 

Deer  Creek  Meadows . 
Pratlnrille 


44.000 
17.653 


44.000 
61.653 


6L653 
17.653 


259.7 
4, 518. 1 
4,394.1 


Via  Lassen's  old  trsQ;  sbiD- 
doned  WMron-rood.  . 

Junction  Deer  and  I«o«» 
C  reeks,  lower  end  mesdowi. 

Town. 


I 
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From  Oraville  to  Qaincyf  CkiL—AtloB-^heets  Koa,  47  Cand  A. 


kur. 


loose 


Dch  .. 
alley. 

BOlCh. 


Bistanoe  in  mUes. 


s  ^ 

& 


9.500 

0.096 
10. 512 

5.325 
ia368 

5.605 

2.380 

1.932 
6.666 


0.500 

18.596 
29.108 
34.433 
47. 801 
53.406 
55.786 

57. 718 

64.384 


g 


64.384 
54.884 

45.788 
35.276 
29.951 
16.583 
10.978 
&598 

6.666 


I 


2'3 


1 


187.5 
342.1 

1,887.2 
3,562.2 
4,988.0 
5, 112. 2 
5, 426. 6 
3,757.0 

3,636.0 

3,381.0 


EematkB. 


At  Ton  Bridge  over  river. 

€k>od  water;  no  graM;  for- 
age obtainable. 
Da 
Do. 

Stage  station. 

Oo^  pastnrage  obtainable. 

Unfit  for  camping. 

Wood  and  water;  forage  ob- 
tainable. 

Wood  and  water;  pastnrage 
obtainable. 

Wood  and  water ;  forage  and 
pastnrage. 


From  Quincy  to  Taylarvilley  Cal,—Atla9sheet  No,  47  A, 


Distance  in  miles. 


rtdge !    12.90 

Bridge 8.42 

4.85 


16.30 


9 


a 


12.900 
16.320 
21. 170 


21. 170 

a  270 
4.850 


I 


■i 

> 


it 

.S' 


Bemarks. 


8,381 

3,071 
3,375 
3.479 


Fonup^e  and  pastnrage  obtain' 
ab^. 


abl 

* 


able. 


e  and  pastnrage  obtain- 


3, 881     Via  old  toll-road. 
8, 479  ,  Taylor's  Hotel. 


From  Taylorville  to  Qnincyf  Cal, — AtUu-skeet  No,  47  A, 


s*R«nch 
i  Banch. 


Ranch  .. 

Dch 

Ts  Store 
Ranch., 
aach.... 


Distance  in  miles. 


I* 


6.875 
3.966 

11.500 

7.500 

9.400 

9.371 

16.256 

16.570 


6.875 
10.841 

22.841 
29.841 
39.241 
48.612 
64.868 
8L438 


81.438 
74.563 
70  597 

59.097 
61.597 
42.197 
32.826 
16.570 


I 

I 


3,479.0 
8,635.0 


5,387.0 
5,464  0 
4,887.2 
4.840.0 
4, 135. 7 
3, 381. 0 


Hemarks. 


Taylor's  Hotel. 
Genesee  Valley. 
Pastnrage  and  forage  obtain- 
able. 

Do. 

Do. 
Forage. 
Pasturage. 

Do. 
Town. 


*Froni  HOiselkns'  to  Bagley's  Banch  the  distanoe  is  estimated  by  pacing*. 
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From  Red  BUiffto  Sn$anmllej  Cal. — Ailas^heeU  Kos.  46  B  and  A. 


Difltanoe  in  mUes. 


I 

EC  53 


Ked  Bluff. 


BeUMiU 

Battle  Creek  Meadows 


*Tvler'8  Ranch, 
*Willow  Creek 


Warner  Creek  BridfEe 

Forks  of  road  near  Martin's  Banch 

Forks  of  road  near  Mitchell's  Ranch 


Groodrich's  Ranch 
Sasanville 


37.229 
».728 

&455 
10.250 

L479 
5.500 

4.670 

12.365 
18. 260 


9 

a 


to 
i 


107.936 

! 

37.229     70.707 
46.957  I  60.979 

55.412  !  52.524 
65.662  '  42.274 


67. 141 
72.641 

77.311 

89.676 
107.936 


40.795 
35. 295 

30.625 

18.260 


> 

I 


o 

s 


S 


307.6 

3,681.2 
4,699.7 

4, 801.  7 


Remarks. 


4,826.2 
4, 464.  0 

4, 713. 4 

4,883.0 
4^195.0 


Railroad  track  at  depot,  tm 

railroad  profiles. 
No  feed ;  wood  and  water. 
Toll-gate ;  wood  and  vtter: 

pasturage. 
Wood  ana  water;  pastonj^ 
Wood  and  water ;  no  psttur- 

a^. 
Do. 
ToPrattville,  alon^  west  fide 

Big  Meadows,  9.324  mtki. 
To  Prattville,  along  east  tide 

Big  Meadows,  17.200  milei. 

Town ;  iMMt-office. 


From  Tyler's  Ranch  to  Willow  Creek,  distance  estimated. 


From  Susanvilley  to  Bed  Bluffs  Cal. — Atlas-sheets  Nos,  47  A  and  46  B. 


Susanville 


*  Forks  road  (near  Stockton's  Mill) 


Bridge  Creek 
Pine  Creek  ... 
Canoe  Creek  . 


Loomis'  Ranch 


Ogbum's  Ranch . . . 

t  Jelly's  Ranch  .... 

Red  Bliiff  (via  ferry). 


Distance  in  miles. 


0 

§'3 

9  9 


7.185 

12.000 
10.000 
26.700 


20.724 

17.050 
27.464 
12.000 


i 

en 

S 


7.185 


Ph 


133.123 


125.938 


19.185  113.938 
29.185  103.938 
55. 885     77. 238 


I 

ee 
© 

9 
9  • 

P 


76.609 

93.659 
121. 123 
133. 123 


56.514 

39.464 
12.000 


4, 195. 1 


5, 036. 4 

5,  508.  6 
5, 409. 1 
4. 277. 0 


4, 356. 5 

2,269.5 
360.0 
307.6 


Remarks. 


Via  Pine  Creek,  Canoe  Cr«*^ 

and    Ogbum's    Rancl*    ^ 

Jelly's  Ferry. 

Wood,  water,  pastai 

Stockton's. 
Woo<i,  water,  grazing. 
Do. 


Wood,  water,    gnainf^ 


cut 

mile  below  jiinction     ^*^ 
and  Hat  Creek. 
Wood,  water,  pastnra^^*.. 
Smith's,  distance  0.5  ««>»*' 
Do. 

Town;  altitude  at  raXlr* 
depot. 


*  From  forks  of  road,  near  Stockton's  Mill,  to  Pine  Creek  the  distance  was  estimated  by  pacing' 
t  From  Red  Bluff  to  Jelly's  Ranch  popiflar  estimate  of  distance  given. 


List  of  road  distances  between  prominent  points  meandered  by  PARr^ir  >'^ 

2,  UTAH  section,  1878, 

Bakersfield  to  Caliente,  Cal.  < 

Calicnte  to  Twin  I^akes,  Cal. 
Caliente  to  Havilah,  Cal. 
Houltou's  Ranch  to  Lone  Valley  Mines,  Cal. 
Kern  River  Bridj;e  to  Wilkes'  Ranch,  Cal. 
Little  Elizabeth  Lake  to  San  Fernando  Mission,  Cal. 
Robert*'  Ranch  to  Weldon,  Cal. 
■    Tapo  Ranch  to  Hueneme,  Cal. 
Miacellanoona  diatances,  California. 
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From  Baherafield  to  Caliente^  Cal, — AtlM-sh^et  No,  73  A. 


Distanoe  In  miles. 

Altitude  in  feet  above 
sea-level. 

Bi 

!i 

9  9 

2 

9 

1 
1 

From  Caliente. 

Remarks. 

Kailroad  station 

16. 4B 
7.22 

Byroad.  Nojntiss;  no  wood. 
No  trail,  via  the  cafion. 

23.70 

jFVow  CaUente  to  licin  Lakes,  Cal. — AHoB-sheet  No.  73  A. 


Distance  in  miles. 

Altitude   in  feet  above 
aea-leveL 

Between  consecu- 
tive points. 

'a 

9 

3 

.9 

Remarks. 

• 

I 

43.33 
41.76 

26.60 

16.63 

6.47 

1.57 

15.16 

9.97 

11.16 
6.47 

i.57 

16.73 

26.70 

87.86 
43.33 

Byroad.  Oo  the  Southern  Pa- 
cific Railroad. 

By  road  and  trail.     Water, 
wood,  and  grass  here. 

By  trail.  Farming  and  graz- 
ing country. 

By  road.    Tejon  Creek. 

By  trail.  Old  emigrant  camp' 
ing  ground.    Good  water 
ana  wood }  grass  scanty. 

■••••• •••• 

- 

From  Caliente  to  Havilahy  Cal, — Atlas-Bheet  No,  73  A, 


n  Klver  Cafion . 


Mountain. 


Distance  in  miles. 


|2 
§.S 

9  9 

t  > 


12.37 
1.03 
9.84 


2.02 
4.42 
8.96 

9.63 
8.98 


§ 
S 


12.37 
13.40 
23.24 


25.26 
29.68 
83.  G4 

43.27 
52.25 


I 

a 


9 


I 

62.25 

39.88 

38.85 

•  ••••*  ••• 

29.01 

26.99 

22.  57 

18.61 

8.98 

Remarks. 


ViaKemville  stage  ioad. 

Walker's  Basin  Creek. 

Houth  Cottonwood  Creeks 
Barker's  .Ranch,  1  mile  be- 
low. 

Water  and  grass  scanty. 
Spring  of  water  ^  mile  be* 

low  crossing  of  road. 
Jewitt's  Ranch. 


eery  circuitous.    The  direct  road  from  Caliente  to  Havilah  and  Kemville  was  wurveyed 
Ranch  to  Breckenridge  Mountain,  by  trail;  from  Breckenridge  Mountain  to  Havilah, 
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MisceUaneovs  distances j  California — Atlas-sheet  Xo,  73  C. 


Distance  in  miles. 

> 

• 

N 

|>       i 
&        1 

1 

Altitude  in   feet   t 
sea-level. 

Onllesnias  Hand) ........ 

p 

7.61 

Coneio  Hotel 

7. 61      r.  ei 

Springville 

Conejo  Hotel 15.81 

Newberry  Park 4. 39 

MUl's  Ranch 1.97 

The  Potrei-o 5.41 


15.81 
20.20 
22.17 
27.58 


Mill's  Ramh I 

Vejar's  Ranch 9.17 


9.17 


9.17 


Remarks. 


27.58 

11. 77 

7.38 

5.41 

Wine  ranch. 

By  road;  in  the  Onejo Val- 
ley ;  ffrain  and  gruiai  in 
abundance. 


Farming  country. 
By  roaoT 

Byroad;  oakfiwMtfl. 
By  road. 

By  road;   large  and  fertile 
valley;  numerous rancim. 


By  road,  via  Triimfo  Creek. 


Mificellaneous  distances^  California — Atlas-sheet  No.  73  C, 


Xos  Angeles 

Half-way  House. 


Santa  Monica 

Old  Santa  Monica 


Santa  Inez  Cafkon 


£j08  Angeles 

Svcamore  Grove. 


:Sau  Gabriel  Mission . 
Roberts'  Ranch  — 


Distance  in  miles. 


3 


9.24 

6.92 

1.80 

2.26 


£ 


4.03 


Winston  Silver  mines 

Forks  of  San  Gabriel  Creek 
San  Gabriel  Mines 


Mouth  of  Cattle  Cafion 
The  yarrows 


13.52 

3.44 
5.76 
2.21 

2.81 

5.35 


9.24 

16.16 
17.96 

20.22 


4.03 


13.52 

16,96 
22.  72 
24.93 

27.74 

33.09 


c 

s 


'    20.22 
10.98 

4.06 
2.26 


4.03 


ei 
■♦*_: 


Remarks. 


33.09 

19.57 

16. 13 
10.  37 

&16 

5.35 

By  road ;  on  the  Santa  Mon 

icaroad. 
Byroad;  summer  resort- 
Along  the  roast :  mouth  oi 
*    Santa  Monica  Creek. 
Along  the  coast;  no  P**' 

water  poor ;  wood  scarce. 


By  road ;  pic-nic  grounds » 
the  Arroyo  Seco. 


Br  Toad ;  mouth  of  San  Ga- 
briel Cafion.  ^ 
Bv  road;   feed  in  San  Ga 
briel  Cafion  very  scarcf; 
scanty   bunch    graw  " 
places:    wood  and  **" 
abundant.               .    . . 
Byroad;  cattle  range  db»» 
cafion;  good tront-ttsD^J- 
By  trail ;   cafion  impM^^e 
ifarther. 
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Miscellaneous  distanceSy  California, — Atlas-sheet  No.  73  D. 


Distance  in  miles. 


ianch. 
s 


I 

a 

2 


I 
S 


4.06 


4.06 


4.  ,06 


> 

i 


-a 
s 


Remarks. 


Mouth  of  San  Antonio  Gallon. 
Cieneffa  at  the  foot  of  the 
rapids. 


Ianch. 

ig&  ... 


■dino. 


24.62 
18.22 

6.40 
ia22 

24.62 

• 

Fruit  and  grain  ranch. 

By  road;    large    vineyarda 

nete. 
By  road;  town. 


intaAnaRiver : 16.65 


d  Ranch 
1  Home. 


anch. 


5.80  i      5.80 
5. 83       IL  63 


5. 02       16. 65 


10.85 
5.02 


Grass  very  scarce;  meadow 

a  few  miles  above. 
By  trail;  Grood  graaing  here. 
By  trail;  summit  of  pass;  no 
feed;    wood    and    water 

abundant. 
By  trail:  on  Mill  Creek. 


Miscellaneous  distances,  California, — Atlas-sheet  Xo,  73  Z>, 


Distance  in  miles.       ! 

t  Altitude  in  feet  above 
'      '                sea-level. 

1 

Between  consecu- 
tive points. 

1 
S 

« 

1    ■ 

1  > 

12.68  |. 

4.  82    . 
.78    . 

Remarks. 

-dino            

^afion  Toll-honse 

7.86 
4.04 
0.78 

7.86 
11.90 
12.68 

......... 

By    road;     good    camping- 
ground. 
By  road. 

w.niill 

By  road;  road  from  here  to 

Houlton's  Ranch. 

Tannery. 
Johnny's 
Valley... 


4.69 
4.69 
2.48 


I 


4.69 

9.38 

11.86 


11.86    

7. 17    Old  road ;  wood,  water,  and 

I  grass. 

2. 48  I Ola  road ;  summit  of  toll-road. 


By  road:  large  grazing  area ; 
saw-mills  here. 


s  Hot  Springs 
ardino 


6.08 
3.24 


6.08 
9.32 


16.66 

10.58 
7.34 


7. 34       16. 66 


Fruit  and  srain  ranch ;  resort 
for  invalids. 

Railroad    station    for    San 

Bernardino. 
Orange-gn>wing  region. 


DISTANCES    BETWEEN    PROMINENT    POINTS    MEANDERED    BY    PARTY    NO.   2, 

CALIFORNIA  SECTION,  1878. 

3idwe]l,  Cal.,  to  Fort  Klamath,  Oreg. 
Lamatli,  Oreg.,  to  Warm  Spring  Agency,  Oreg. 
Spring  Agency,  Oreg.,  to  The  Dalles,  Oreg. 
kites,  Oreg.,  to  Lower  Cascades,  Oreg. 
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The  Dalles,  Oreg.,  to  ferry  at  Grant's  Landing,  and  thence  to  Tygh  Valley,  Tia 
Shear's  Bridge,  Oreg. 
Warm  Spnng  Agency,  Oreg.,  to  Camp  Bidwell,  Cal. 
Oak  Grove,  Oreg.,  to  Toll-gate  Well  of  Mount  Hood,  via  new  grade. 
Sdmmit  Prairie,  near  Mount  Hood,  to  Tygh  Valley,  via  Barlow's  Toll-gate. 
Old  Camp  Watson,  Oreg.,  to  Camp  Bidwell,  Cal. 
The  Dalles,  Oreg.,  to  Old  Camp  Watson,  Oreg. 
Camp  Bidwell,  Cal.,  to  Reno,  Wev. 

From  Camp  BidweUy  Cah,  to  Fort  Klamath^  Oreg. — Atlas-sheet  2io,  38  A  and  B,  aii429C. 


Camp  Bidwell . . . 
Wulow  Baach. 


Lake  View 


Pbelp'slUmcb. 
Prine's  Ranch. 


Yainax. 


Klamath  Agency. 
Fort  Klamath 


Distance  in  mile«. 


li 


§.3 


16.89 
10.21 


20.34 
28.39 

10.34 


38.53 
16.1 


6'-= 

s   - 


16.89 
36.10 


56.44 
84.83 

101. 17 


139. 70 

145.8 


i 


145.8 
128. 91 

109.70 


89.36 
60.97 

44.63 


6.1 


I 


Cm    > 

9 


Remarks. 


Two  company  post 
Small  settlement;   vat*^' 

wood,  and  grass.  .  ^ 

Small  town;   United  Sta^ 

Land  Office;  water,  irooOi 

and  grass. 
"Water,  woo<l,  and  grass. 
Good    grazing,    watw,   •**' 

wood.  ^ 

Sub-agency  for  Klamath  *-^ 

dians;    water,  wood   ^* 

grasa. 
TVliter,  wood,  and  grass. 
Two-company    post;    ^^ 

{irazing;  water  and 

in  vicinity. 


From  Fort  Klamath  to  Warm  Spring  Agency,  Oreg. — Atlas-sheets  Nos.  29  C,  29  J,  and  20 


Fort  Klamath 


Klamath  Agency 

Williamson  River 

Big  Springs 

Corral  Springs 

Little  Meadows,  on  East  Fork  of 
Des  Chutes. 

East  Fork  of  Des  Chutes 

Big  Meadows 

Farewell  Beud 


Carmical's,  on  Crooked  River , 


Lnera  Ranch 

Sheep  Ranch  

Lodge  Pole  Creek 


T)es  Chutes  Ferry . . . 
Warm  Spring  Agency. 


Distance  in  mUes. 


3 


6.1 
11.7 
22.85 
21.64 
17.10 


21.74 
13.90 
15.80 


15.1 

10.83 

13.73 

3.61 
2.31 


t 


to 


9 


■4»_, 


Remarks. 


202. 25  I    4, 108. 4 


6.1 
17.8 
40.65 
62.29 
79.39 


196.15 
184.45 
161.60 
139.96 
122.86 


Two-company  post;  w^J 
wood,  and  grass  in  vicii*-' 


101. 13  I  101. 12 
115.03  I  87.22 
130.83       71.42 


4,  387. 0 
4,  552.  5 
4,782.6 
4,  258.  2 

4.  081. 1 
4, 123. 7 
3, 620.  9 


Good  water,  wood,  and  i 
Do. 
Do. 
Good   grazing,    water, 
wood.  • 
Do. 
Do. 
Good    grazing,    wood, 
water  off  the  road ; 
taken  up  near  road 
,1  I      fenced  in. 

25.84  !  156.67  j    45.58      2,736.2     Poor  grazing:  a  little  i«^^ 
II  I      water  good ;  forage  cm^ 

I  bought. 

2, 443. 4     "Water,  wood,  and  grass  ^ 

I  Do. 

Good  water  and  grass ;  "^* 

j      scarce. 

,  Grass  and  wood  scarce. 

1, 573.  9  i  Wood  scarce ;  grass  on       ' 
in  vicinity. 


171.77 
182.60 
196.33 

199.94 
202.  25 


30.48 

19.65 

5.92 

2.31 
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arm  Spring  Agency  to  The  DalleSy  Oreg, — Atla8'8heets  Xos,  20  C  and  20  A. 


Agency . 
Dg 


Creek 
■egon.. 


Distance  in  miles. 


9 

II 


20. 45 
6.25 

15.76 

17.00 
14.79 


a 
•E 

a 

S  2 

es  ® 


20.45 
26.70 

42.46 

59.46 
74.25 


a 

a 

ad 


74.25 

53.80 
47.55 

31.79 

14.79 


9 

> 

e8 


c  > 


a 


^ 


1, 513. 9 

2, 914. 2 
2, 414. 5 

1.08&8 

1,266.7 
134.7 


Kemarks. 


Wood  scarce;  grass  on  hiUs 

in  vicinity. 
Grood  water;  wood  and  grass. 
Small   settlement;    water, 

wood,  and  grass. 
Settlement;  forage  has  to  be 

bought. 
Do. 
Large    town    on    Columbia 

River. 


Distances  estimated  to  Fifteen-mile  Creek. 


From  The  Dalles  to  Lower  Cascades f  Oreg, — Atlas-sheet  No,  20  A, 


Distance  in  miles. 

Altitude  in  feet   above 
sea-level. 

• 

Between  consecu- 
tive points. 

From  The  Dalles, 
Oregon. 

From  Lower  Cas- 
cades. 

Remarks. 

50.05 
37.04 
31.34 

26.95 

26.44 

25.84 

4.95 

134.7 

Large  town. 

Water,  wood,  and  grass. 

Grass  scarce :    water     and 

)k 

13.01 
5.70 

4.39 

0.51 

0.6 

20.89 

4.95 

13.01 
1&71 

23.10 

23.61 
24.21 
45.10 
50.05 

5h 

260.0 

wood;  forage  can  be  pur- 
chased. 
Ranch :  irrass  scarce :  water 

Postolfice 

and  wood ;  forage  can  b« 
purchased. 
Ranch. 

No  grass ;  water  and  wood. 
Gocdgrass;  wood. 
Do. 

ides 

126.6 

es.. ....... ............ 
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From  The  Dalles  to  Ferry  at  GranVa  Landing^  and  thence  fo  Tygh  Valley  via  Shcar'B Bnige^ 

Greg, — Atlaa-sheet  Xo.  20  A, 


\ni 


Distance  in  miles. 


9 

i.2 

V  o 
a  > 


The  Dalles 

Five-iuile  Honse. 


Fifteen-mile  Creek , 

Bridge    over  Des  Chutes   River, 

near  Celilo. 
Banch 


Springs    in   ravine  near  Grant's 

Lanaing. 
Eaton's  Kancb  Post-office 


Bamnm's  Ilanch 

Shear's  Bridge  .. 

Tygh  Valley 


6.55 

5.10 
5.62 

10.19 

1.21 

8.8 
11.32 
2&54 

7.59 


ft 

s 

.a 

H 

a 

2 


0.53 

11.65 
17.27 

27.46 

28.67 

37.47 

48.79 

77.33 

84.82 


> 

>> 

H 

S 
2 


84.82 
77.27 


72.17 
66.55 

5a  36 

55.15 

47.35 

36.03 

7.49 


«e 

O 


« 


134.7 


165.8 


1, 795. 2 
2,006.9 
1,088.8 


Remarks. 


Large  town. 

Junction  of  Eight  and  Fire 

Mile  Creeks;  ootrntryntber 

barren ;  no  wood. 
Grass  scarce ;  no  wood ;  nncli. 
Ranch;  no  wood ;  graMtciRe; 

forage  for  sale  here. 
WateT  and  grass ;  wood  rwy 

scarce. 
Good  water;  grass  and  wood 

scarce. 
Good  grazing  and  water;  xk^ 

wood.  __^^  " 

Grass  valley ;  no  wood;  gO^>^ 

water  and  grass. 
Xo  wood;  grass  scarce;  ft**' 

age  can  be  purchased. 
Settlement ;  rorage  has  to^  "^ 

purchased;    some  grviJ^2. 

on  hills  surrounding  set'      '^ 

ment. 


From  Warm  Spring  Agencyj  Oi'eg.j  to  Camp  Bidicelly  Cal, — Atlas-aheets  Xos.  29  Aj  38  B, 

C,  and  29  C. 


"Warm  Spring  Agency. 
Lodge-pole  Creek.... 


Willow  Creek 
Prineville 


Green's  Ranch 
"Waterhole 


Distance  in  miles. 


9 

So 
\f-3 


& 


5.92 

20.72 
21.02 


25.90 
12.8 


Langton's  Ranch 17. 71 

Button's  Ranch 22.9 


Durand's  Ranch  (Silver  Lake) 19.9 

Parton's  Ranch  (Summer  Lake)  ...  15. 91 

Miller's  Ranch  (Summer  Lake) 17. 31 

Chewaucan I  8.93 

Moss'n  Ranch I  11.67 

Sawmill 9.52 

Lake  View 17.87 


Cottonwood  Creek. 
Camp  Bid  well 


18.7 
11.31 


c 
..* 

u 

S  ^ 

C  a 

i 


ee  9 

s 

2 


258.09 

5.  92  252. 17 

26.64  231.45 
47.  66  >  210. 43 


73.56  I  184.53 
86.36  171.73 


104.07 
126.97 


146.87 
162.78 
180.09 
189.02 
200.69 
210.  21 

22&08 

246.78 

258.  09 


154.02 
131. 12 


111.22 
95.31 
78.00 
69.07 
57.40 
47.88 

30.01 

11.31 


9  00 

'9 

■*■» 


1, 513. 9 

1,648.8 

3, 079.  6 
2,899.0 

4, 479. 0 


5, 162. 9 
4,236.7 


4, 312. 0 
4, 497. 6 
4, 420. 3 


4, 827.  8 


4, 851. 0 
5,228.9 
4, 647. 0 


Remarks. 


be 


-*er 


"Wood  scarce;  grass  on  L^    '" 

in  vicinity. 
Good  grass  and  water;  w< 

scarce. 
Water,  wood,  and  grass. 
Large  {own;  forue  caa 

purchased ;  wood  and 

on  hills  in  vicinity. 
Water,  wood,  and  grass. 
Xo  wood ;  gooti  grass ;  wi 

in  deep  hole. 
Water,  wood,  and  grass. 
Wood,  none;   water, 

grass,  sc-arce;   forage 

be  purchased. 
Forage  has  to  be  pure 
Water,  wood,  and  grass. 
Do. 

Fon^e  baa  to  be  parcha 
Grass  and  water  on 

vicinity. 
Settlement;  U.  S.land-o: 

water,  wood,  and  gras.^ 
Plenty  of  good  water,  w 

and  grass ;  new  grade 
Two-company    post ; 

grade. 
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rove  to  Toll-gate  west  of  Mount  Hoody  Oreg.y  via  new  grade, — Atlas-sheet  Xo, 

20  J. 


ne 


'airie 


it  Camp . . 
;  of  range. 


DiBtance  in  miles. 


11 

«  > 


17.5 
12.71 

&3 


2.27 
a44 


> 

2 

I 

g 


17.5 
30.21 

3&51 


40.78 
49.22 


49.22 

3L72 
19.01 

10.71 


&44 


6 

> 


.3 


Remarks. 


2, 414. 5 


3, 019. 8 
3,334.8 


Settlement;  grass,  wood,  and 

water. 
Water,  wood,  and  grass. 
Water,    wood,    and    grass; 
rather  swampy. 
3, 694.  ^ '  Station;  forage  can  be  bought; 
I     some  grass  on  meadows  near 
]     tbjere. 

,  Water,    wood,    and    grass; 

rather  marsh}*. 

j  Wood    and    water;    forage 

I      mast  be  bought. 


place  only  the  ascent  of  Mount  Hood  is  possible. 

I  can  be  found  on  slope  of  Mount  Hood,  about  1.5  miles  northeast  of  government  camp. 


lit  Prairie,  near  Mount  Hood,  to  Tifgh  Valley,  via  Barlow  Toll-gate,— -Atlas- 
sheet  Xo.  2*0  A, 


Remarks. 


3, 694. 2    Station ;  forage  can  be  bought; 
grass  on   some    meadows 
near  by. 
27.40  I    3,000.3  .  Woo<l  and  water;  grass  rather 

scarce. 

12.88' I  Water,    wood,     and    grass; 

ranch. 
Settlement;  forage  must  be 
purchased. 


From  this  place  only  the  ascent  of  Mount  Hood  is  possible. 
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From  Old  Camp  Watson^  Oreg,j  to  Camp  Bhhrell  CaL—Ailas-aheeis  Aiw.  20 D,  29^,29  0 

and  38  B. 


•Distance  in  miles. 


oc   * 

Or 


P 


Old  Camp  Wataon 

McK^'s  Ranch    

Old  MUitary  Road 

Small  Prairie 

Creek 

Summit  Prairie 

Ranch,  Paulina  Valley 

Prjoeville  and  Harney  Road. 
Wolf  Creek  (settlement)  . . . . 


4.00 
5.56 
1.30 
5.50 
4.55 
13.20 
3.55 
2.90 


4  00 
9.  .56 
10.86 
16.36 
20.91 
34.11 
37.66 
40.56 


Ranch  (Beaver  Creek,  near  mouth 
of  Grindstone  Creek). 

Big  Spring 

Ranch 

• 

Prineville  and  Hamey  Road  

Spring,  head  of  Grindstone  Creek., 
Inllara     &,    Renshaw's     Ranch, 
Twelve-mile  Creek.  j 

Forks  of  road,  near  mouth  of  Long  ' 
Hollow.  i 

Spring  in  Long  Hollow • 

Spring  near  head  of  Long  Hollow  .  > 

Buck  Creek 

Porks  of  road 

Alkali  Flat 

Camp  Curry 

Bernard's  Battle  Ground 

Hoskin's  Ranch 

Hamey  Lake  Valley 

Hamey  Road 

Warm  Spring 

Buzzard  Cafion 

Mule  Spring 

North  end  w  amer  Valley 

Fork  of  roads 

Do 

Do.... 

Do 

Honey  Cffeek 

Jones'  Ranch 

Fork  of  roads 

Wallace's  Ranch,  Deep  Creek 

Twenty  mile  Creek,  south  end  of 

Warner  Vallev. 
Fork  of  roadf  "twelve-mile  Creek. 

Do 

Eight-mile  Creek 

Lake  Annie 

CampBidwell 


3. 45       44  01 


3.88 
1.90 

4.50 
1.35 
4.86 


47.89 
49.79 

.54.29 
55.  64 
60.50 


1. 90       62. 40 


3.85 

3.70 

2.10 

2.55 

7.30 

2.90 

12.86 

11.44 

1.79 

&98 

0.92 

11.43 

24.98 

4.60 

7.09 

7.20 

18.23 

2.25 

0.35 

1.15 

3.15 

13.65 

6.30 

9.55 
0.35 
5.41 
3.12 
4.67 


66.25 

69.95 

72.05 

74.60 

81.90 

84.80 

97.66 

109.10 

110.89 

117.87 

118.79 

130.  22 

155. 20 

160.80 

167.89 

175.09 

193.32 

195.  57 

195.92 

197.07 

200.22 

213.  87 

220.17 

229.72 
230.  07 
235.48 
238.60 
243.  27 


9 
> 

C 


IS  i^ 

«  OS 

S 


^  If 

B 
2 


243.27 
239.27 
2.33.71 
232.  41 
226. 91 
221.  36 

208. 16 
204.61 
201.  71 

198.26 

194.38 
192. 48 

187.98 
186.63 
181.77 

179.87 

176.02 
172.32 
150.22 
167.67 
160.37 
157.47 
144.61 

133. 17 
131.38  I 
124.  40  < 
123.48 
112.05 

87.07 

82.47 

75.38 

68:18 

49.95 

47.70 

47.35 

46.20 

43.  05 

29.40  , 

23.10 

13.55  I 
13.20 
7.79 
4.67  t 

I 


Remarks. 


Good  water  and  grads. 

Good  water  and  graiM. 
Do. 
Do. 
Do. 

Good   water;    feed  can 
bought. 
Do. 

Good  water  and  grasa. 
Good   water;    feed  can 
bonght. 

Good  water  and  grass. 
Water  and  grass. 


Good  water  and  grass. 
Do. 
Do. 


Good  water  and  grass- 
Do. 
Do. 

Good  grass. 

Good  water  and  grass. 
Water  and  grass. 
Good  water  and  grass. 


Good  water  and  gra»»> 
Do. 

Good  water  and  grasB. 
Do. 

Do. 
Do. 
Do. 

Town  and  post;  two  conap 
nies. 


Distances  are  by  estimation,  meander  with  odometer,  and  popular  values. 
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lies  to  Old  Camp  Watsottf  Oreg.—AtlaJt-sheets  Xos.  20  Ay  W  By  and  20  D. 


DlHtance  in  miles. 

> 

s 

es 
^    . 

^  « 

S 

< 

Between  conseoa- 
tive  points. 

1 
H 

i 

From   Old  Camp 
Watson. 

• 

122.40 
119.90 
lia90 
113.95 
112. 25 
110. 15 
119.00 
109.45 
9a  70 
92.30 

83.  f  5 
73.30 

65.30 
58.55 
5a  80 
54.75 
48.10 
44.40 
3a  90 
35.85 

3L10 

30.39 
24.80 

19.37 

14.60 

12.10 

5.75 

4.00 

k 

2.50 
3.00 
2.95 
1.70 
2.10 
1.15 
9.55 
2.75 
4.40 

• 

a  75 

10.25 

aoo 
a  75 

2.75 
1.05 

a65 

3.70 
7.50 
1.05 

4.75 

0.71 
5.^ 

5.43 
4.77 
2.50 
a  35 
1.75 
4.00 

2.50 
5.50 
a  45 
10. 15 
12.25 
13.40 
22.95 
25.70 
30.10 

3a  85 
49.10 

57.10 
63.85 
6a  60 
67.65 
74.30 
7a  00 
85.50 
86.55 

91.30 

92.01 
97.60 

103. 03 
107.80 
110.30 
lia65 
lia40 
122.40 

i 

» 

lek 

12 

Deschutes  Posi- 

ffice 

itation 

Muddy  Creek 

y  Creek,  John  Day 
ftUon 

B  Creek 

1  of  road 

5 

Remarks. 


Good  water  and  grass. 
Do. 
Do. 

6ood  water  and  grass. 
Do. 
Do. 

Good   water;    feed    can   b« 
bought. 

Good   water;    feed    can  be 
bought. 

Do. 

Do. 
Good  water  and  grass. 

Do. 

Do. 

Do. 

Do. 

Do. 

Goo<l   water;    fe«d   can   be 
bought. 

Good  water;   forage  can  be 
boiigh't. 

Do. 

Do. 
Good  water  and  grass. 

Do. 

Do. 


tances  are  by  estimation ;  meander  with  odometer  and  popular  values. 


lidwelly  Caly  to  BenOy  Nev.—AilaS'Skeets  Nos.  38  B,  38  D,47  By  and  47  D. 


Distance  in  piilcs. 

> 

• 

Between  consccn- 
tive  points. 

From  Camp  Bid- 
well. 

d 

190.42 

174. 10 
165.45 
149. 55 
137.83 

129.41 

12a  54 

110.50 

97.44 

Altitude  in  feet  i 
sea-level. 

ia32 

a65 

15.90 

11.75 

• 

a  42 

ia32 
24.97 
40.87 
52.59 

61.01 

2.  87       63.  88 
]a04[     79.92 
13.  06  1     92.  98 

•  «••«•••»•■•  •••••■•• 

Remarks. 


Town  and  post ;  two  compa- 
nies. 

SmaU  town. 
Do. 

Post-office  on  Eagle  Creek. 

South  end  Surprise  Valley; 
on  Silver  Creek. 

Road  to  Yuledad  %nd  Cold 
Spring. 

Good  water  and  feed. 

Water  and  grass. 
Do. 
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From  Camp  Bidwell^  CaLj  to  BenOyXev,,  ^c. — Continued. 


Buffalo  Salt  Works  (Murphy's)... 

Sheep  Head 

Fish  Spring 

Newcomb's  Ranch 

Giles'  and  Bickford's  Banch 

Winter's  Ranch 

Tule  link's 

Chapman'^ 

Warm  Spring 

Junction  House 

Deep  Wells 

Forks  of  road  near  Quartz  Mill . . . 

Reno 


S'o 

I;* 


14.73 

7.56 

27.55 
9.98 
2.15 
0  SO 
1.57 

0.70 

8.68 


.6.03 

4.92 
10.84 

1.93 


Emce  in  miles. 

Altitude  in  feet  above 
sea-level. 

From  Camp  Bid- 
well. 

■ 

107. 71 

115. 27 

142.  82 
152,80 
154.95 
155.75 
157. 32 

158.02 
166.70 

172.  73 

177.65 
188.49 

190.42 

82.71' 

75.15 

47.60 
37.62 
37.47 
34.67 
33.10 

32.40 
23.72 

17.69 

12.72 
1.93 

Remarks. 


Very  bad   water;  to  Deep 

Hole  22.94  miles. 
Good  water;  forage  can  be 
bought. 
Do. 
Do. 
Good  water. 
Good  water  and  grass. 
Good  water ;   forage  can  be 
bought. 
Do. 
Good  water  and  graM;  netr 
^  head  of  Winnemucca  Val- 
ley. 
Good  water;  forage  can  be 
boiight. 
Do. 
North  edge  Tmckee  Mead- 

OW8 

Town;  station  C.  P.  andV. 
and  T.  Railroads. 


Note. — The  distance  from  Deep  Wells  to  Reno  here  ^iven  is  via  the  new  road.    By  the  road  traveled 
generally  the  distance  is  2.63  miles  greater. 

Lists  of  distances  between  important  points  on  roads  meandered  by  parties 

N08.  1  and  2,   CALIFORNIA  SECTION,    DUltlNG   FIELD-SEASONS   1878-'79. 

Chinese  Camp  to  Yosemite  Valley,  via  Big  Oak  Flat  road. 

Oakdale  to  Suelling. 

Snelling  to  Merced. 

Snelling  to  Yosemite  Valley,  via  Coulterville  road. 

Merced  to  Mariposa,  Cal. 

Mariposa  to  Yosemite  Valley,  via  Mariposa  rood. 

Barnard's  Hotel  to  various  points  in  the  Yosemite. 

Bower  Cave  to  Black's  an<l  Hennessy's  Bridge. 

Hites'  Cove  to  Yosemite  Valley. 

Fresno  Flat  to  Clark's  (via  the  Madera  road). 

Fresno  Flat  to  Crane  Valley. 

Snelling,  Cal.,  to  Lagrange  and  Thompson's  Ferry. 

Lagrange  to  Merced  Falls  and  Cunningham's  Ranch,  on  old  Fort  Miller  road. 

Mariposa,  Cal.,  to  Lewis'  Ranch,  Cal.,  via  Moore  Hill  road. 

Mariposa,  Cal.,  to  Bear  Valley,  Cal. 

Homitos  to  Merced  via  Indian  Gulch  and  old  Fort  Miller  road. 

Homitos  to  Bear  Valley. 

Hornitos  to  Redman's  Ranch,  Cathev's  Valley,  Cal. 

Cathey's  Valley,  Cal.,  to  Merced,  Cal. 

Thompson's  FeiTy  to  Crimea  Hou.se. 

Knight's  Ferry  Bridge  to  Chinese  Camp. 

Knight's  Ferry  Bridge  to  Bymes's  Ferry  and  Copperopolis. 

Roberts's  Ferry  to  Knight's  Ferrj'  Bridge. 

New  York  Tent  to  Sonora,  Cal. 

Sonora  to  Jacksonville,  Cal. 

Bridgeport,  Cal.,  to  Mountain  House,  Cal.,  via  canon  West  Walker  and  Cole 

Bridgeport,  Cal.,  to  Mountain  House,  via  East  Walker  River  road. 

Sonora,  Cal.,  to  San  Andreas,  Cal. 

Sonora,  Cal.,  to  Milton,  Cal. 

Sonora,  Cal.,  to  Northrup's,  Cal.,  on  Sonora  and  Mono  road. 

Northrup's,  Cal.,  to  Bridgeport,  Cal.,  via  Sonora  and  Mono  road. 

Carson,  Nev.,  to  Volcano,  Cal.,  via  Amador  and  Nevada  wagon-road. 


v-ille. 
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)v.,  to  Murphy's,  Cal.,  via  Silver  Mountain  and  Big  Tree  road. 

Grove  to  Murphy's,  Cal. 

Cal.,  to  Sonora,  Cal. 

t,  Cal.,  to  Calaveras  Grove. 

Springs  to  Volcano,  via  Antelope  and  Pine  Grove  Turnpike. 

'e  to  Mariposa  road. 

J  Camp  J  tia  Big  Oak  Flat  Road,  to  Tosemite  Valley,  Cal. — Atlas-sheet  Xo.  56  D. 


Distance  in  miles. 


Post-office . 


Ferry. 


el 


Bnch 
{e... 


ith  Fork  Tuolumne 
lUi  Fork  Tuolumne 


rove 


lat 


«erted) 

g  Oak  Flat  and  Coul- 

ads. 

el .. 


& 


1.47 
2.71 

1.03 

L24 
3.45 

2.21 
1.07 
2.24 
0  82 
1.33 
1.33 
3.64 
2.06 
1.62 
1.05 
0.03 
4.30 
1.37 
5.34 


4.44 

1.00 

5.07 

2.81 
4.37 

3.66 


9 
90 


1.47 
4.18 

5.21 

&45 
0.00 

12.11 
13.18 
15.42 
16.24 
17.57 
18.00 
22.54 
25.50 
27.12 
29.07 
30.00 
34.39 
35.76 
41.10 


45.54 

46.54 

51.61 

54.42 
58.79 

62.45 


5 

I 

o 

i 


I  62.45 
60.08 
5&27 

57.24 

56.00 
52.55 

50.34 
40.27 
47.03 
46.21 
44.88 
43.55 
39.01 
36.95 
85.33 
33.38 
32.45 
28.06 
26.60 
21.35 


16.91 

15.01 

10.84 

8.03 
3.66 


614 
080 

2,558 
2,823 
2,828 
2,838 
2,857 
3,136 
2,050 
2.087 
2,082 
3,022 
2,654 
3,306 


4,506 

5,704 
6,054 
6,234 
6,627 


3,851 


Remarks. 


Mining  town. 

Mining  town  on  Tnolnmne, 
near  mouth  of  Wood's  Cr'k. 

Keith's  orchard  and  vine- 
yard. 

Over  Tuolumne  River. 

Moccasin  Vineyard  on  Moc> 
casin  Creek. 

Stage  station. 

Mining  town. 

Formerly  Ist  Garrotta. 

Mining  village. 


Hydraulic  mines. 

Toll-gate. 

Bridge. 

Laree  ranch. 

Brioge. 

Bronson's  meadow;   stage 

station;  wood,  water,  and 

forage;    Haiel  Green   by 

traiT  2.88  miles. 
Opposite  the  Dead  Giant  or 

Tunnel  Tree. 
Public   house.     To   Hazel 

Green  by  road,  4.76  miles. 
Wood  and  water;  grasa 

scarce. 
Old  public  house. 
Yosemite  Valley. 

Yosemite  post-offloo. 


i 
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From  Oakdale  to  Snellingy  CaL — Atlas^aheet  No.  56  D. 


DUtance  in  miles. 


5 


& 


Oakdale 

Fork  road 

Martin's  Baneh  on  Dry  Creek 

Junction  with  rirer   road   near 
Boberts's  t'erry. 

Roberts'  Ferry 

Blodgett's  Ranch 


Fork  road  to  La^ange 

Cross-roads 

Fork  roads 

•Snelling  Post-office 


2.23 

7.38 
6.00 

1.14 
3.81 

0.56 
3.51 
2.50 
4.33 


•a 

t 
a 

I 


2.23 

9.61 

15.61 

16.75 
20.56 

21.12 
24.63 
27.13 
31.46 


bo 

a 

B 

a 

CO 


i 


31.46 
29.23 
2L85 

15.85 

• 

14.71 
10.90 

10.34 
6.83 
4.33 


184 
216 


Remarks. 


Terminus  South  Branch  S. 
and  C.  R.  R. 


Tuolumne  Rivter. 

Old  Morley  Ranch;  wat«r 

and  forage. 
Guide-boanL 


252     On  Merced  River. 


From  SneUing  to  Merced y  via  Cox's  Ferry,  Cat. — Atlas-sheet  Xo.  56  />. 


Snelling 

Fork  road  to  Ferry. 


Cox's  Ferry 
Cross-roads. 


Distance  in  miles. 


9 

S  > 
6f5 


Top  of  hill 

Half-way  House,  or  Waterloo  ^otel 
Merced  (at  railroad  crossing) 


4.29 

1.70 
0.43 

1.67 
4.51 
6.35 


bc 

a 

a 

OS 

i 


4.29 

5.99 
6.42 

8.09 
12.60 
18.95 


« 

a 


18.95 

14.66 

12.96 
12.53 

10.86 
6.35 


« 

es 

ID 
at 


« 

9 


< 


252 


250 


'Remarks. 


394 
215 
171 


At    post-office,    form9 

county-seat. 
Ri^ht-hand  fork  runs 

nver  to  Hopeton,  Sec. 
Merced  Rirer. 
Crossroad    running    <*- 

south  side  Merced  Eii^^ 


Seat  Merced  County. 


I 
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om  SneUing  to  TosemiUy  Cah^  via  Coulterrille  Road, — Atlas-sheet  No,  56  /). 


Distance  in  miles. 


& 


oflt-ofilce. 


d  to  Merced  Falls 

d  to  Lagrange 

djre 

tndge 

:  Merced  Falls   and   La- 
I  road. 

iSUtion 

I  road  from  Lagrange  . . . . . 


Ige 

1  road  from  Don  Pedro's 


Spring   . 
iKanch. 


ille 

ouse,  near  Dexter  s. 


uith  Creek. ^ 

rk  of  North  Fork  Merced 
ave 


ation 

g  Trough 

Deer  Flat  tnms  off 

•een 

ad  to  Crane  Flat , 


0.61 
0.65 
3.32 
0.7C 
3.79 

1.26 
3.02 
2.51 

1.88 
1.-25 

0.88 
1.73 
2.93 
2.64 
6.00 

1.58 
1.75 
0.78 
2.16 

3.23 
4.00 
0.58 
4.93 
0.36 


[rrore  Big  Trees 

dows 

1  Trail  from  Hite's  Cove. . , 

oulterrille  and  Big  Oak 

tads. 

Botel 


g  the  left-hand  road  at 
we  have  the  following  dis- 


3.66 


u 

a 

« 
& 


0.61 
L26 
4.58 
5.34 
9.13 

10.39 
13.41 
15.92 

17.80 
19.05 

19.93 
21.66 
24.59 
27.23 
33.23 

34.81 
36.56 
37.34 
39.50 

42.  73 
46.73 
47.31 
52.24 
52.60 


2.  80  '  55.  40 

8.45  63.85 

4.59  I  68.44 

2.61  71.05 


"4.71 


ilanch 

of  Bean  Creek 
ise 


2.11 
2.08 
4.09 


a 

o 


e 

a 

s 

g 

^ 

Ph 

> 

es 

■*»    . 
1-3 

« 

9 


Kemarks. 


74.71 

74.10 
73.45 
70.13 
69.37 
65.58 

64.32 
61.30 
58.79 

56.91 
55.66 

54.78 
53.05 
50.12 
47.48 
41.48 

39.90 
38.15 
37.37 
35.21 

31.96 
27.98 
27.40 
22.  47 
22.19 


19.31 

10.86 

C.27 

3.66 


252 


On  Merced  Kircr  formerly 
seat  of  Merced  County. 


267     Dry  Creek. 
477 


578 
916 


At   iuuction   of  road   frota 

I      Merced  Falls. 
993  !  On  North  Piney  Creek. 


1,435 
1,621 
1.807 
1.665 
3,103 

2,959 
2.859 
2.696 
2,360  ' 

3,218 


4.895 
5,  550 
5,502 


4.237 
3.  352 


3,851 


Stage  station. 
Blacksmith  shop. 


Junction  of  road  from  Bono- 
yard  Kanch. 


Public  house  on  North  Fork 
Merced. 


Br  loft-hand  road  Uaxel 
'Green  to  Ciane  Flat,  4.76 
miles. 

Saw.mill  and  toll-gate. 

Yosemite  Valley. 

Yosemite  post-ofBce. 


2,450 
3.  333 
3,103 


Myers's  store. 


At   innctioft   with   Coulter- 
ville  8tage*road,  near  Dex- 
!  '  ter's. 

8.28 Uaigh's   to    Junction    with 

Coulterville  road. 
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Fivm  Merced f  Cal,y  to  Mariposa,  Cal, — Atlus-sheeU  Xos,  56  D  and  64  B. 


Mercod 

Bear  Creek  Bridf^e 
Half-way  House... 


Road  forks  to  Snelling 

Lava  Bed  Station 

Griffith's  Ranch 

Homitofl — 

Road  forks  to  Indian  Gulch . 

Smith's  Ranch 

Elkhoin  Ranch 

Corbett's  Ranch 


TollHouse 

Toll-House 

Summit 

Princeton 

Foran's  Store 

Summit 

I-.ewi8'  Ranch 

Sweetwater  Road. 

Mariposa 

Do 


Distance  in  miles.  ' 


t  > 


& 


1.16 
5.19 

0.87 
7.26 
3.63 
4.35 
1.62 
2.44 
0.50 
L41 

1.81 
2.83 
1.92 
0.73 
1.19 
1.16 
1.19 
0.99 
0.36 
0.35 


I 

B 


1.16 
6.35 

7.22 
14.48 

laii 

22.46 
23.98 
26.42 
26.92 
2&33 

30.14 
32.97 
34.89 
35.62 
86.81 
37.97 
39.16 
40.15 
40.51 
40. 8» 


i 


40.86 
39.70 
84.51 

83.64 
26.38 
22.75 
18.40 
16.88 
14.44 
13.94 
12.53 

10.72 
7,89 
5.97 
5.24 
4.05 
2.89 
1.70 
0.71 
0.35 


9 

«s  > 
o 


p 


< 


171 
168 
215 


446 

473 

847 

898 

1,047 

1,049 

1,075 

1,598 
1,780 
2,169 
2,104 
2,173 
2,416 
2,112 
1,986 
1,971 
1,942 


Remarks. 


Seat  of  Merced  County. 

Public  house;  KrastloMrly 
summer ;  water ;  no  wood 


Mining  village. 


Road  forks  to  Cathey'a  Tal 
ley,  300  yards  bey onJl  ruch. 


Mining  village. 


At  Town  Hall. 
At  post'Office. 


jFVow  Mariposa,  Cah,  to  Yosemite  Valley,  Cal. — Atla^-sheet  Xo.  56  D. 


Mariposa 

Mormon  Bar. .... 
Sevastopol  Flat  . 
Boot-JacJ£  Ranch. 


Thompson's 

Frves 

Hale's 

Turner's  (formerly  Delong) 
Cold  Spring 


Summit 


By  Creek  Bridge 
Clark's 


Eleven-mile  Station  .... 
OppoHite  Lower  Bridge . 
Barnard's  Hotel 


Distance  in  miles. 


It 


& 


1.89 
2.76 
0.90 

2.61 
0.64 
2.18 
1.11 
4.36 

5.24 

2.43 
2.07 


10.76 

12.51 

3.63 


1.89 
4.65 
5.55 

8.16 

8.80 

10.98 

12.09 

16.45 


24.12 
26.19 


36.95 
49.46 
53.09 


a 

S 


63.09 
51.20 
48.44 
47.54 

44.93 
44.29 
42.11 
41.00 
36.64 


21. 60       31. 40 


2a  97 
26.90 


16.14 
3.63 


9 

I 


e 

rs 


1.942 
1.630 
2,210 
2,107 

2,114 
2,281 
2,739 
2,741 
8,126 

5,605 

4.430 
3,925 


5,587 
3,843 
3,851 


Remarks. 


Seat  of  Mariposa  County 
Mining  village. 

Road   to    Hite's    Cove 
yards  bevond. 


Stage  station;   wood,  y^ 

and  forage. 
Divide  between  Chowc: 

and  South  Fork  Merc^ 

Hotel  and  stage  sts^ 
wood,  water,  pastura^ 
forage. 

Wood  and  water. 

New  iron  bridge  over  M«£ 

Formerly    Hutchings. 
Semite'  post-office. 
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« 
rnard^B  Hotel  to  various  points  in  the  Yoaemit^  Valley^  Cal. — Atlas-sheet  No.  56  D. 

BARXARD  TO  SNOWS  HOTEL. 


Idge 


Distance  in  miles. 

> 

• 
0 

■♦-    . 

|i 

s 

n  COI 
poiu 

1 

o 
s 

1 

From  S 

Altitucl 

4.64 

3,851 

te  Fork 

2.63 
0.62 
1.39 

2.63 
3.2.5 
4.64 

2.01 
1.39 

r  Rock 

>tel 

5,217 

Remarks. 


At  south  end  new  bridge. 

Bridge. 

Trail  to  foot  of  Venial  Fall. 

Xear  foot  of  Nevada  Fall. 


BARNARD'S  TO  LOWER  BRIDGE. 


0.77 
0.30 
2.56 


0.77 
1.07 
8.63 


3.851 


3,843 


Via  south  bank  Merced  River. 


BARNARD'S  TO  FORKS  COULTERVILLE  AND  OAK  FLAT  ROADS. 


Doult^rville  and  Big  Oak 
oad. 


3.82 


Via  north  side  Merced  River. 


BARNARD'S  TO  FORKS  COULTERVILLE  AND  OAK  FLAT  ROADS. 


; 

3.66 

3,851 

Via    Leidig's    and    Middle 
Bridge. 

\ 

1.07  1 
2.59 

\ 

1.07    . 
3.66    . 

3ulterville   and    Big   Oak 
id. 

Lake. 


BARNARD'S  TO  MIRROR  LAKE. 


2.62 


3.851 
4,  U25 


BARNARD'S  TO  EAGLE  POINT. 


3.851 

ia  Rock 

L98 
0.69 
1.21 

1.36 
0.90 

1.98 
2.67 

3.88 

5.24 
6.14 

>seroite  Falls 

Trails .' 

Right  hand  trail   to  top  of 
Yosemite  Falls. 

leftdows 

int 

» 


ims  ofl 
Point., 
'oint... 


BARNARD'S  TO  GLACIER  POINT. 


0.77 
0.27 
2.09 
1.32 
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FromJBarnard^s  Hotel  to  various  points  in  the  Yoaemite  Valley,  Calif oiniia,  4'<^, — Continoed. 
BARNARD'S  TO  SODA  SPRINGS  AND  MOUNT  LYELL  VIA  CATHEDRAL  MEADOWS. 


Distance  in  miles. 


«s 


Barnard's 

Register  Rock. 

Snow's 

forks  Trail  ... 


Fork  Cloud  Rest  Trail. 


Top  of  Hill 

Divide  Head  of  Cathedral  Meadow. 
Junction  with  Lake  Tenaiya  Trail. 

Opposite  junction  Mount  Lyell  and 
Mount  Dana  Creeks. 


Head  of  Tuolumne  Meadows. 


3.25 
1.39 
0.92 


3.52 

3.23 
5.20 
4.14 

1.60 


9.31 


u 

E 


3.25 
4.64 
5.56 


9.08 

12.31 
17.51 
21.65 

23.25 


32.56 


> 

e8 


9 


3.851 


5,217 


9,499 
'8,*  575 


8,949 


Remarks. 


Trail  to  right,  crosses  Hereed 
by  bridge  and  runs  to  Sen- 
tmel  Dome. 

Cloud's    Rest,    by  Icft-hac* 
trail,  about  2|  miles. 

Near  Cathedral  Lakes. 

Soda  Springs,  ^  mile  npri'^«ir 

on  north  iMftuk. 
The  old  Mariposa  and  }ft:<3&o 

trail  runs  up  Motmt  I>^u* 

Creek. 
Mount  Lyell,  about  5}  nafe-iki 

via  east  side  Lyell  Cr^^selt- 

Good   camping  groun^^A  it 

first  lake. 


From  Bower  Cave^  Cal.j  to  Black's  and  Hennessy^s  Bridge,  Cal, — Atlas-sheet  Xo,  56 


Distance  in  miles. 


S  m 
y ... 

It 


Bower  Cave 


Divide  between  North  Fork  Mer- 
ced and  Bull  Creek. 
Black's 

Divide  between  Bonell  Gulch  and 

Merced  Fork. 
Strike  Merced 


Junction  South  Fork  and  Merced. . 

Ferguson's  Mill 

Hennessy's  Bridge 


2.47 
L91 
3.62 
«.17 
3.19 
L64 
5.53 


> 

u 

9 

a 

a 

In 


2.47 

4.38 

8.00 

11.17 

14.36 

16.00 


a 
a 

W 


2L53 
19.06 
17.15 
13.53 
10.36 
7.17 
5.53 


9 
> 
O 


C  > 

9 
"*  % 

9   Z 

S 


Remarks. 


2,360 

3,157 

2,621 

3,342 

1, 197. 1 

1,401 

1,389 


Station  on   Coulterrill^  »»<* 
Yosemite  road. 


Ranch ;    wood,  water, 

forage. 
End  of  wagon-road. 


aisd 


of 


21.53  i '    1,821 


Trail   follows   up  cafto? 

Merced,  40  feet  above  ^'^'^^fji 
Opposite    month    of    ^*f*t. 

Fork,  50  ftHjt  above  v*^**"*^,; 
30   feet   above    water,       ^*" 

mated.  >-.^v« 

Over  South  Fork :  Hite  »  <-^^^ 

by  trail,  7.24  miles. 


From  Bower  Cave  to  Black's,  and  the  divide  between  Bonell  Gulch  and  Merced  the  rout*? 
wagon-road  ;  thence  to  Hennessy's  by  trail. 


i»by 


APl'ENDIX   OO. 


2145 


From  Hite'a  Covfj  Cal.f  to  YosemiU*  Valley j  Cal, — Atlas-sheet  Xo.  56  /). 


Distance  in  miles. 


12 

y  S3 


o 


5 


e. 


t>etiivccu  South  Fork  and 

d. 

ly '8  Bridge 


» River 

fille  road 

Creek 

I  Coulterville  and  Big  Oak 

oads. 

Hotel 


1.59 
5.65 
1.03 

5.  or. 

0.58 
4.01 

3.66 


I 


1.59 

7.24 

8.27 
13.  92 
14:50 
18.51 

22.17* 


9 

O 
08 


5 


1,601 
3.342 

1,821 

1,823 
3, 352. 4 


Kemarks. 


Mining  Tillage. 
No  camping  place. 

Merced    River;    wood    and 

cfraiw. 
Wood  and  grass. 

Wood,  water,  and  grass. 
Yosemito  Valley. 


3, 851         Yoseuiite  po8t-offlce. 


f  trail  until  the  Coulterville  rood  is  reached. 


om  Fresno  Flat,  Cal.y  to  Clark-s  (by  netv  road)^  Cal. — Atlas-sheet  No.  56  D. 


-    -       ■          -    -        .      •-  ..           ....  -     .    — 

■' 

—  - 

Distance  in  miles. 

• 

• 

p 

ee 

S   00 

s 

<6 

i 

. 

D  com 
point 

i 

S^ 

^ 

o 

►  :c 

a 

B 

i 

o 

.  1 

£ 

& 

at 

23.39 

lanch 

12.99 

12.99 

10.40 

3.60       16.59  '      6.80 

id  to  Biir  Trees 

3.33  1     19.92 

3.47 

a  . ;. , 

3.05       2-.\97 
0.42  1    23.39 

0.42 

Remarks. 


a 


< 


2,192 

4,639 
5,109 

6,062 
5,278 
3,925 


Station  at  post-office  Mining 

Village. 
Stage  station. 
Divide  hetween  Fresno  and 

Big  Creeks. 

With  t]w  Mariposa  road. 
Big  Tree  Station  postothce. 


I  portion  of  the  now  route  from  Madei'a,  on  the  Southern  Pacific  Railroad,  to  the  Yoseniite 
a  Clark's.    It  has  a  very  oasy  grade. 


Bi  Fresno  Flaty  Cal.y  to  Crane  Valley y  Cal. — Atlas- sheets  Nos.  56  D  and  64  B. 


Remarks. 


Mining  village  on  Fresno  River. 

Between  Fre-sno  River  and 
North  Fork  San  Joaquin. 

Road  forks  to  left  to  saw -mill. 

Bridge  iitiar  Sha r)>t on 's  Ranch, 
on  North  F«»rk  San  Joaquin. 


om  Fresno  Flat  a  road  runs  up  the  Fresno  to  the  Madera  saw-mUI;  distance  8.05  miles. 

L35E 


i 
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From  Snelling,  Cal.f  to  La  Grange  and  Thompson's  Ferry ,  CaL — Jtlaa- 


Distance  in  iniles. 


Snelling  Po8^offlce U.38 


Fork  road  to  Merced  Falls 

Fork  road  to  Coiilterville 

Crossing  Dry  Croek 

Cross,  roaa 

Cross-road 

Junction  road  to  Roberts's  Ferry 
•Innction  road  from  Merced  Falls. 
La  Grange  Post  office 


Thomps<)n'8  Ferry. 


0.61 
1.26 
4.09 
7.37 

8.3a 

9.21 
llj68 
11.70 

14.38 


13.77 
13.12 
10.29 
7.01 
6.00 
5.17 
2.  80 
2.68 


I 


9 


9 


i 


5 


252 


245 
313 


410 
222 


188 


Formerly  s 
ty,  on  M' 


Mining  Til 
er  (ronni 

Over  Men 
at  Lagra 


From  LagrangCf  Cal.yto  Mvrced  Falls  and  Cunningham's  road  {on  old  1 

CaL — Atlas-sheet  Xo.  56  D. 


Distance  in  miles. 


o 

®    IT 

§.9 

«  o 

a  ^ 

I- 


Lagrange. 


® 

B 

e 

o 

I 


Fork  road  to  Snelling  . 
Fork  Conlterville  road. 
County  Comer-stone  . . 


Crossing  Coulterville  and  Snell- 
ing road. 

Sheep  Ranch 

Fork  roads 

Merced  Fulls 


Ferry 


Fork  road  to  Homitos. . . 
Griffith's  Rancji .   . 
Junction  Roads  at  Butt« 
Crossing  Bums'a  C^eek . . 


Junction  Road  for  Indian  Gulch. 
Grav's  Ranch 


Bear  Creek  Crossing 

Meroed  and  Mariposa  road. 
C  unninghaui's  Ranch 


0.12 
2.95 
1.80 


0.94 

3.38 
4.07 
0.94 

0.49 

2.85 
2,14 
3.32 
L90 

0.90 
0.36 

1.94 
1.26 
1.27 


.12 
3.07 

4.87 


5.81 

9.19 
13. 26 
14.20 

14.69 

17.54 

19.68 
23.00 
24.90 

25.80 
26.16 

28.10 
29.36 
30.63 


.5 
'5 
p  d 


s 

e 


M 


30.63 


■*»    • 

o 

•Si 

«  Z 


30.51 

27.56 
25.76 

443 
590 

24.82 

572 

21.44 

17.  37 
16.43 

463 
360 

15.94 

369 

222     Mining    t 

River. 

Running  i 

Running^  ( 

Cor.  of  8t 

Merced, 

ties. 


Manufacti 

ml  villa 
Road  tun 

ranches 
Main  road 
Homitos, 
Road  (*oin 
Water  in  t 

mer. 
Indian  .Gi 
Wood,  wa 

ranch. 
Water  in 

South  of 
Fort  Ml 


I 
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^aripona,  Cal.j  to  Lewis  Ranch,  CaL,  via  Moore  Hill  Road,  Atlas-sheei  Xo.  56  D. 


Nist^ffice. 


Bar 
rt  .. 


i  Creek  CroBsing 


Distance  in  miles. 


0 
O 

11 


& 


I 

a 

s 


1.89 
4.20 
1.00 
1.55 

e.e7 


1.89 
6.09 
7.09 
&64 
15.31 


u 

I 


el 


1 


Remarks. 


< 


15.31 

13.42 
9.22 
8.-22 
6.67 


1,932 

1,630 
1, 357 
1,588 
1,142 
.  966 


Mining  town  ;  seat  of  Mari- 
posa County. 
Mining  village. 
Old  mining  village. 
Moore  Hilt 

Wood,  water,  forage  or  pasf- 
urage. 


From  Mariposa,  Cal,,  to  Bear  Valley,  Cah,  Atlas-sheet  No,  56  D. 


^st-office 

Q    

kke  right-hand) 


Y  Post-office. 


Distance  in  miles. 


II 

6fS 


S 


a 
s 


5.24 
0.36 

6.20 


5.24 
5.60 

11.80 


a 


9 

et 

s-S 

9  i 

P 


< 


11.80 
6.56 
6.20 


1,932 
2,104 


2,087 


'  Remarks. 


Seat  of  Mariposa  County. 

Mining  village. 

Left-hand  road  to  Homitos, 

12.10  miles.     • 
Mining  village. 


mitos  to  Merced,  Cal.,  via  Indian  Gulch  and  Old  Fort  Miller  road. — Atlas-sheet 

No,  56  D, 


ariposaroad 

rom  Mariposa  road 

^'athey  Valley 

ulch 

Miller  road 

mch 

ek  Crossing 

knd  Cathey^  Valley  road. 


losoital. 
rafliosMl 


crossing) . 


Distance  in  miles. 


0 
C  X 

§•3 

eft 


& 


1.52 
1.64 
2.27 
0.27 
6.56 
0.36 
1.04 
1.26 


11.97 
3.88 


1 

c 


1.52 

3.16 

5.43 

5.70 

11.26 

11.62 

13.56 

14.82 


26.79 
80.67 


30.67 
29.15 
27.51 
25.24 
24.97 
19.41 
19.05 
17.11 
15.85 


8.88 


9  9 
9 


9  • 

0 


898 
1,058 


951.4 


307 
350 
373 


171 


Remarks. 


Mining  village. 

Mariposa  road  forks  to  left. 


Mining  village. 

Wood*  water,  and  grass.* 

Old  Fort  Miller  road  crosses 
Cathey*s  Valley  and  Mer- 
ced road. 

Seat  Merced  County. 
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From  Hornitos  to  Bear  Valley^  Cal. — Atlas-sheet  No,  56  D, 


Homitos  Hot«l  

TVashington  Quartz  Mills 

Fork  Road  to  Sininions'a  Ranch 
*  Blackmore'8  Ranch 


Divide... 
Bear  Valley 


Distance  in  miles. 


p 

n 


& 


e 

o 


2.48 
2.90 
1.85 

1.52 

2.04 


2.48 
5.38 
7.23 

8.75 

10.79 


10.79 
8.31 
5.41 
3.50 

2.04 


V 

I 


■Si 

«  2 


847 
1,032 
1,387 
2,230 

2.755 

2,087 


Remar 


Mining  village. 


Road  forks  to  1 
er's  Valley  an 

Between  Hun 
and  Bear  Vail 

At  Oso  House. 


*  Road  to  left  runs  to  ranches  on  Cotton  Creek,  Hunter's  Valley,  and  to  old  mining  villagi 
(deserted),  distant  3.95  miles.  « 


From  Hornitos  to  Redman^ s  Ranch,  Caihetfs  Valley^  Cal, — Atl4is-8heet  Xo 


Hornitos  Hotel 

Corbett's  Ranch. 


Fitzhugh's  Ranch 

Church  and  school-house. 

Cathey's  Ranch 

Redman's  Ranch 


Distance  in  miles. 


o 

o.s 
o  o 

9  O 

m5 


5.87 


3.77 
0.97 
1.33 
0.88 


2 
6 


5.87 


9.64 
10.61 
11.94 
12.82 


1-^ 
I 

a 


12.82 
6.95 


3.18 

2.21 

.88 


Remai 


Mining  town. 
Forks  Cathey'i 
Mariposa  roa 
beyond. 
*^Do. 
Valley. 

Wood,  water,  ai 
Do. 


Froni  Cathey's  Valley  to  Merced,  Cal, — Atlas-sheet  No.  56  I>. 


Redman's 

CroHHinp  Millerton  road  ... 

School-  House 

Upton's , 

County  Hospital 

Taylor's 

Bear  Creek  Bridge 

Merced  (at  railroad  crossing) 


Distance  in  miles. 


.a 
o 

a 


9.68 

9.68 

10.28 

19.96 

1.03 

20.99 

0.66 

21.65 

1.02 

22.67 

1.69 

24.36 

1.17 

25.53 

9 

B 
2 


25.53 
15.  85 
5.57 
4.54 
3.38 
2.86 
1.17 


9 

> 


«  00 

0 


1,180 
313 
182 


168 
171 


Remai 


"Wood,  water,  ai 

Water  and  fora 

Do. 

Seat  of  Merce 
Southern  Pac 
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n  Thompson's  Ferry  to  Crimea  HousCj  Cal. — Ailas-sheet  Xo.  56  D. 


Distance  in  n 

liles. 

el 
9 

a 

1 

> 

i 

es 
■«a     . 

© 

9  SO 

B 

188 

319 

280 
259 

1.090 

1,384 
1,  221 

Between  consecu- 
tive points. 

From  Thompson's 
Ferry. 

Remarks. 

rv 

ia4i 

13.24 

12.53 
11.63 
10.23 

4.03 
3.40 


1 

—  miles  below  Lasranee.  on 

ij 

(grange  and  Kniglit's 
on  Dry  Creek 

6.17 

0.71 
0.90 
1.40 

6.20 
0.63 
3.40 

• 

5.17 

5.88 
6.78 
&18 

14.38 
15.01 

ia4i 

Tuolumne  River ;  wood, 
water,  and  gross. 

ange  freight  road  ... 

At  Stone  Fence,  ^  mile  north 
of  Armstrong's  Ranch ; 
main  road  keeps  on  to 
Knight's  Ferry ;  righ^hand 
road  to  Crimea  House. 

Public  house;  wood,  wat«r, 

and  forage. 

y  the  first  road  to  right  below  Thompson's  Ferry.  Between  the  i-iver  and  the  old  La- 
;ht's  Ferry  road  the  road  is  at  pi-esent  a  natural'  grade,  only  suitable  for  light  wagons, 
.ke  the  next  right-hand  road,  and  strike  the  Lagrange  and  Knight's  Ferry  road  0.5  mile 
ng's  Ranch. 


IghVs  Ferry  Bridge  to  Chinese  Campy  Cal. — AtlaS'Sheet  Xo.  56  B  and  I>. 


Bridge 


se 


ost  Oifice 


Distance  in  miles. 


0 
5- 


& 


4.79 
4.15 
1.69 

2.73 

1.39 


,C  9 
bCtfi 

'52 

P   9 


4.79 

8.94 

10.63 

13.36 

14.75 


9 
« 
9 

a 
.»" 

js  . 
B 

a 
O 

S 

p 


14.75 

9.96 
5.81 
4.12 

1.39 


9 
> 


S  9 
9 

9  Z 

P 


< 


180 

934 
1,093 
1,221 

1,047 

1,299 


Over       Stanislaus,      above 

Knight's  Fen-y. 
Ranch  and  spring. 
Public  house  at  cross-roads. 
Public  house ;  wood,   wnter, 

and  forage. 
Public     house    on     Six-bit 

Gulch. 
Mining  town. 
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Frain  KnighVs  Ferry  Bridge  to  Copperopolis,  CaL,  via  Bymes's  Ferry. — JtJ4i8-8h€ei  No 

56  C  aiid  56  D. 


Knight's  Ferry  Bridge 


Buena  "Vista 

Ranch  and  spring 

Crabtrees 

Divide 

Fork  roads   

Keystone  House  ...... 

New  York  Tent 

Fork  road  to  Sonora. .. 

Byrnes's  Feiry 

School-House 

Coppcropolis  Post  Office. 


Distance  in  miles. 


9 

h 


0.33 
2.»2 
1.54 
1.00 
2.04 
1.11 
4.05 
0.46 
4.86 
2.57 
5.03 


B  9 


.33 

3.25 

4.79 

5.79 

7.83 

8.94 

12.99 

13.45 

18.31 

20.88 

25.91 


a, 

5:3 


a 

g 


25.91 

25.58 
22.66 
26.12 
21.12 
18.  08 
16.97 
12.92 
12  46 
7.60 
5.08 


> 

I 

9 

9 

9  8) 

0 


180 
323 


934 
1,117 

i.093 
1,143 
1,117 
380 
412 
1,015 


On  Stanislaus,  above  town  of 

Knight's  Ferry. 
Store. 


Lagrange  road,  to  right 

Public  house  cross-roads. 

Cross-road. 

Via  Rawhide  Cainp. 

Toll-bridge  over  StaniaUni 

Old  mining  town. 


From  Sober ts*  Ferry  to  KnighVs  Ferry  Bridge^  Col. — Atlassheeia  Xos.  56  C  a*i(Z  56  D. 


Distance  in  miles. 


0 
9  a 


& 


Rol>ert«'  Ferry 

Fork  of  roads 

Large  Ranch 

Junction  Lagrange   and  Knight's 
Ferry  Bridge. 

Divide  between    Tuolumne    and 
Stanislaus. 

"Williams'  Ranch 

Bueua  Vista 

Kuight's  Forry  Bridge 


0.70 
5.66 
1.76 

4.58 

1.24 
1.54 
0.33 


s 


.70 
6.  .36 
8.12 

12.70 

13.94 
15.48 
15.81 


si 


24.09 
23.39 
17.73 
15  97 

11.39 

10.15 
8.61 


^ 

i 

c8 

-*.>    . 

S? 

<S  > 

-i 

Remarks. 

9  m 

'^ 

0 

■*j 

..4 

••-> 

^' 

< 

184 

Tuolumne  River. 

223 
230 
251 

518 

345 
323 
180 


Flagstaff  at  8ton>. 
Over        Stanislaus, 
Knight's  Ferry. 


sbove 


fVom  New  York  Tent  to  Sonora,  Cal. — Attassheet  Xo.  56  D. 


Xew  York  Tent 

Fork  road  to  Byrnes'  Ferry. 

Table  Mountain  Divide  . . . . 

Ranch  and  creek 

Divide  between  creeks 

Rawhide  Camp 

J'ork  road  to  luttletown  ... 

Shaw's  Flat 

Sonora  Post  Office 


Distance  in  miles. 


11 

9  9 
9  > 

9 


0.46 
0.42 
1.31 
0.96 
4.00 
2.30 
3.22 
2.18 


9  5 

a 


.46 
.88 
2.19 
3.15 
7.15 
9.45 


o 

I 
a 

2 


9.45 
8.99 
8.57 
7.26 
6.30 
2.30 


9 

> 

a 

9 

•Si 

9  Z 

0 


5 


1,143 
1,117 
1,198 
1,113 
1,320 
1,556 
1,566 
2,036 
1,816 


Remarks- 


Cross-roads. 


At  store. 
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From  Sonora  to  Jacksonvillej  Cal. — AtUia-sheet  Xo.  56  D. 


Diatanco  in  miles. 


2 


90    SB 

{« 

8-§ 

o 

V  (0 

1 

s 

1 

» 

Bee 

'"'6.' 62 

.62 

d  to  Chiuese  Camp 
kt 


0.73 
l.GO 
1.63 
LIS 
1.29 
2.23 
3.28 


35 

9.5 

48 

63 

6.92 

9.15 

12.43 


1. 
2. 
4. 
5. 


Remarks. 


Town. 

Sonora  and  Mono  road  to  left. 


At  hotel. 


wrt  to  Mountain  House,  Cal.,  Ha  Canon  of  fVeat  Walker  and  Coleville, — Atlas- 

sheets  No.  57  A  and  56  B. 


it  Office 

I  of  West  Walker. 


Distance  in  miles. 


!i 


last  Branch  with  West 


e  Antelope  — 
^ksmith  shop). 


le. 


Liirora  stage-road 


se 


14.30 
3.29 

2.85 

10.05 

3.75 
2.00 

5.00 
8.50 

0.83 


o 


pq 
S 


14.30 
17.59 

20.44 

30.49 

34.24 
3a  24 

41.24 
49.74 

50.57 


s 

h 


a 


M 


50.57 
36.27 

32.98 


30.13 

20.08 

16.33 
14.33 

9.33 
.83 


> 

ei 

0*1! 


-< 


6.423 
7.384 


5,190 


5,641 


Remarks. 


Seat  c^  Mono  Connty. 
Stage  st-atiun;  wood,  water 

and  forage,  or  pasturage. 
Coleville  road  leaves  Sunom 

and  Mono  roads  here  and 

runs  south. 
Road  enters  cafion  of  West 

Walker. 
At  mouth  of  West  Walker 

Cafion. 
Road  tarns  up  cafion  to  left. 
Agricultural  Village,  head  of 

Antelope  Valley. 
Forks  of  road. 
0.83  miles  south  of  Mountain 

House  ^d  7.79  miles  west 

of  Walker  Riverpost-office. 
Stage  station  on  Cfarson  and 

Aurora  road;   water  and 

fofage. 


iwn  the  cafion  of  the  West  Walker  to  Coleville  was  opened  in  the  fall  of  1878.    It  has  a 

ule. 

t-haud  road  the  Carson  and  Aurora  stage-road  may  be  reached  in  9.5  miles,  or  0.88  miles 

»,  making  total  distance  from  Coleville  to  HoyoMs  Store  10.38  miles,  and  Coleville  to 

§e  22.24  miles.    For  distance  fi-om  Mountain  House  to  Carson,  Nev.,  see  page  64,  Report 
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From  Bridgeport^  Cah,  to  MountaUi  House^  Nev.j  via  East    Walker  Rivei'  Road,—Atl(u- 

sheets  Nos.  57  J  and  56  B. 


Bridgeport  Post  OflSce. 


Tnll-Honse 

Fryiue  Pan  Creek 
Boundary  Stake... 


Carson  and  Aurora  stftge-road 

Sweetwater  Post  Office 

Williams' Station 


Ranch 

Sulphur  Spring  Station. 


Matthews'  Ranch 

*Road  to  Wellington's. 


Fork  of  road  to  ColeviUe 


Mountain  House 


Distance  in  miles. 


c  ao 
«  © 


& 


tHoye's  Store,. 3.82 


&54 
3.48 
0.96 

2.46 

L2« 
2.83 

6.85 
4.82 

7.86 

3.75 


0.88 


7.74 


t: 

I 

X 

n 

i 


8.54 
12.  02 
12.98 

15.44 
16. 72 
19.55 

26.40 
31.22 

39.08  j 

42.83 


46.65 


47.53 


55.27 


c 
u 

Cm 


55.27 

46.73 
43.25 
42. 29 

39.83 
38.55 
35. 7« 

28.87 
24.05 

16.19 

12.44 

8.62 

7.74 


9 

> 

O 

-3 


9 

—  « 

9 
9  00 

s 


6,423 


5,641 


Remarks. 


Seat  of  Mono  Conilty,  on  th« 
East  Walker  River;  vat^e* 
and  pasturage. 

I 

Califomiaand  Nevada  bon^^' 
ary. 

Store. 

Stage  station;  woed« 

and  forage. 
Cattle  ranch. 
Stage  station;  wood, 

and  forage. 
Desert  Creek,  stage  stati 

water  and  forage.^ 
Stase    station    on   'W^<^e«t 

Walker  River,  0.46  msJSei 

distant. 
Walker    River    post-oft.  ■^:'«; 

stage  station ;  wood,  wa.*!^^ 

ana  forage. 
Road  forkn  to  the  left    «uid 

runs  up  west  side  A^^te- 

lope  Valley. 


^; 


♦Wellington's  is  off  the  main  road  0.46  mile.  Total,  Matthews'  to  Wellington's, .  4.21  miles;  "VTel- 
ington's  to  Hoye's,  3.80  miles. 

tfloye's  Stoiv  to  Coleville,  via  wagon-road  on  east  side  Antelope  Valley,  is  Little  traveled.  H^<»je'0 
Stoi-e  to  Coleville,  via  west  side  Antelope  Valley  (main  route),  10.38  miles. 


Fro7n  Sonora  to  San  Andreas^  Cat. — Atlas-sheets  Nos.  56  D  and  56  C 


Sonora 


Shaw's  Flat 

Tuttlctowu 

Robertson's  Ferry 

Angel's 

San  A  ndreas 


Distance  in  miles. 


• 

fl 

i 

9 

9 

9     • 

>- 

«  « 

! 

'V 

0    B 

<s 

a 

«  O 

fl  (X 

Sonoi 

San  A 

^■2 

a 

S 

9 

s 

2 

» 

P^ 

Eh 

2.18 
4.30 
2.16 
6.57 
12.88 


2.18 

6.48 

8.64 

15.21 

28.09 


28.09 

26.01 
21.61 
19.45 
12.88 


9 

> 


§•3 

9 
— •  cb 
9  2 


Remarks. 


1,816 

2,036 

1,321 

819 


1,033 


At  post-office;  seat  of  Tuo- 
lumne County. 
Mining  village. 

Stanislaus  River. 

Mining  town "V^ 

Seat  of  Calaveras  Cou»iy- 


; 
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From  So-nora  to  Milton,  Cal. — AtltM-sheeta  2ios.  56  D  and  56  C, 
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fOat ... 
EKaach. 
wn — 
'road  . 


8*8  Ferry . 

polls 

(r  Honse  . 


«e 


Distance  in  miles. 


0 
O  M 


2.18 
2.25 
2.05 
1.23 

4.30 
7.72 
&70 

1.59 
4.54 


ate  between  Milton  and  SOnora. 


i 

o 

I 


2.18 
4.43 
6.48 
7.71 

12.10 
19.82 
28.52 

30.11 
34.65 


> 


2 

B 

2 


2^   O 


9 

33 


Remarks. 


34.65 
32.47 
30.22 
28.17 
26.94 

22.55 

14.83 

6.13 

4.54 


1,816 
2,036 
1,759 
1,321 


543 
1,015 
1,013 

777 
376 


At  the  post-office. 

"Wood,  water,  and  forage. 
Mining  village. 
Kftbertaon's  Ferry,  1  mile  by 

riglit-hand  road. 
South  Fork  of  the  Stanislaus. 
Mining  town. 
Stage,  station ;  wood,  water 

and  forage. 

At  the  railroad  depot;  tcr* 
minus  Stockton  and  Cop- 
pirpolis  Bailroad. 


From  Sonora  to  Northintp^s,  Cal. — Atlas-sheet  Xo.  56  D. 


1 

Distf 

• 

i| 

ince  in  miles. 

Altitude  in  feet  above 
sea-level. 

• 

- 

From  Sonora. 

From  Northrup's. 

1 

Remarks. 

14.49 
13.87 

11.90 
11.35 
9.66 
a23 
a  44 
3.38 
1.25 

1,816 

1,888 

At  post-office. 

Forage,  &c. ;  public  house ; 
road  forks  to  JacksonTille. 
Ranch. 

d's 

0.62 

1.97 
0.55 
1.09 
1.43 
1.79 
3.06 
2.13 

1.25 

.62 

2.59 
3.14 
4.83 
6.26 
8.05 
11.11 
13.24 

14.49 

1  Crpek 

Phenix  Reservoirs 

Do. 

loniie 

ville  Hoaae  

Public  house. 

^'8 

Ranch. 

t-house 

Do. 

I 

4,115 
4,519 

Mining  camp,   Confidence 

mine :  gold,  quartz. 
Stage  station  and  toll-house ; 

wood,  water,  and  forage. 

'8  (Excelsior  Hotel) 

a  portion  of  the  Sonora  and  Mono  turnpike-road  from  Sonora  to  Bridgeport,  Cal. 
K>d  order.    Main  stage>route  between  Sohora  and  the  Bodie  and  Aurora  mines. 


Road 
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From  Northrup^s  to  Bridgeport^  Cal, — Atlas-sheets  Kos,  56  Bj  56  D,  and  57  A. 


Kortbrup's 

Bradford's  Saw-MiU 

Kanch 

Bald  Mountain 


Cold  Sprini? 
Strawberry. 

Summit  — 


Cow  Creek 


Lilly  Creek 

Cascade  Creek 
Mill  Creek  .... 
Nia^ra  Creek 
Eagle  Creek . . . 


Eureka  Yalley 
Hog's  Pass.... 
Summit 


Leavitt's 

Pickle's 

West  Walker  River 


East  Biaucb  West  Walker. 
Hot  Springs 


Rickey's 

Saw-MUl 

Bridgeport 


Distance  in  miles. 


2^ 

•  m 

So 


4.91  1 
1.84 

2.78 

2.85 
3.55 

2.27 


1.90 

2.17 
2.62 
2.58 
2.55 
7.73 

2.90 

3.00 

8.20 

7.59 
3.42 
1.89 

2.40 

8.29 

7.32 
1.98 
5.00 


o 
}Z5 


4.91 
6.75 
9.53 

12.38 
15.93 

18.20 


20.10 

22.27 
24.89 
27.47 
30.02  ; 
37.75 

40.65 

43.65 

51.85 

59.44 
62.86 
64.75 

6L15 

70.44 

77.76 
79.74 
84.74 


o 

a 


84.74 
79.83 
77.99 
75.21 

72.36 
68.81 

66.55 


64.64 

62.47 
59.85 
57.27 
54.72  I 
46.99 


« 

I 

9  m 

0 


4,619 


6,272 
6,467 
6,690 


Remarks. 


44.09 

5,957 

41.09 

32.89 

9,660 

25.30 

21.88 

■ 

19.99 

17.59 

7,019 

14.30 

7,384 

6.08 

5.00 

6.423 

Po8t-offioe. 

Trail. 

Wood,  water,  and  sn 

Tbe  altitade  is  at  baa 

on  top  of  ridge. 
Good  spring  soutb  of 
Stage  station;  wood 

and  forage. 
Divide   between  tbe 

and  Middle  Forks 

Stanislaus. 
Rancb ;   main   branc 

Creek  i  mile  beyon 


Bridge. 
Do. 
Bridge ;  road  crosses 

laus  0.4  miles  beyoi 
Stage    station    ^f* 

Hay's). 
Road  cut   tbroogh 

bowlder. 
Souora  Pass,  crest  of 

Nevada. 
Stage  station  and  bors 
Horse  rancb. 
Bridge ;    wood    and 

grass  scarce. 
Pord;  road  fWim  Co 

wood,  water,  and  gi 
Stage    station ;    forai 

pasturage. 
Hay  and  cattle  ranch. 
Formerly  Yaney's. 
Seat  Mono  Cpiinty; 

age  and  fbrage. 


Sonora  and  Mono  stage-road,  being  part  of  tbe  throngb  stage-route  from  Milton,  ou  Stockt 
CopperopoUs  Railroad,  to  tbe  Bodie  ana  Aurora  mining  district. 
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From  Carson,  Net.,  io  Volcano ,  Cat.,  via  Amador  and  Nevada  wagon-road. — Atlaa-sheets  Xo8. 

47  D  and  56  B, 


C&Tson 

Woodford's. 


*William8'  Ranch 

Carson  Paas 

Caple's  Kanch 


SUver  Lake  Hotel 


Trajjfedv  Spring 

iRoad  forks  to  Pleasant  Valley. 
Corral  Flat , 


Peddler's  Hill . 

Cold  Spring  . . . 
Mud  Spring  . . , 
Ham's  Station 


Wiley's  SUtion  . 
Aatelope  Spring 
Forks  of  road  . . . 


Horaley's  Station. 


Myers's  Station 


: Foster's  Stotion.. 
§  Denser'a  Station 
"Volcano 


Distance  in  miles. 


9 

> 


a 

i  • 

aS 

S  a 

^  o 


a 


30.87 


13.11 
1.81 
3.68 

7.37 

3.00 
4.48 
0.78 

5.66 

4.39 
0.39 
2.08 

8.77 
8.20 
0.32 

1.34 


2.23 

2.17 
8.07 
3. 28 


30.87 


43.98 
45.79 
49.47 

56.84 

59.84 
64.32 
65.10 

70.76 

75.15 
75.54 
77.62 

81.39 
84.59 
84.91 

86.25 


88.48 

90.65 
93.72 
97.00 


97.00 
66.13 


53.02 
51.21 
47.53 

40.16 

37.16 
32.68 
31.90 


Cm  ^ 


I 

5 


4,660 
5.676 


7,757 
8,634 
7,780 

7,174 

7,989 


Remarks. 


26.24 

• 

6,831 

21.85 
21.46 
19.38 

• 

*""6,'973 
6,439 

15.61 
12.41 
12.09 

5,027 
4,272 

10.75 

3.860 

8.02 

3, 759 

6.35 

8.265 

8.28 

2.922 

2,075 

At  the  capitoL 

Stage  station;  mouth  of 
cafion  of  West  Fork  Car- 
son River. 

Wood,  water,  and  grass. 

Crest  of  Sierra  Nevada. 

Clear  Lakes;  wood,  water, 
and  grass. 

Public  house;  wood,  water, 
and  forage. 

Wood,  water,  and  grass. . 

Wood    and    water;     grass 

scarce. 
Wood,  spring  (runs  dry  in 

summer). 
Wood  and  water. 

Do. 
Public  house;  wood,  water, 

and  forage. 
Do. 
Do. 
Left  fork  known  as  Antelope 

and  Pine  Grove  Turnpike. 
Public      house ;       foimerlv 

French      Camp ;       wood, 

wat«r,  and  forage. 
Public      house ;       formerly 

Thoro's ;     wood ;     water, 

and  forage. 
Public  house;  wood,  water, 

and  forage. 
Public  hoiise;  wood,  water 

and  fbrage. 
Mining  town. 


*At  Williams'  Ranch  there  is  a  branch  road  to  Hermit  Valley,  on  the  Big  Tree  road  i  distance,  16.71 
miles.  From  this  branch  i-oad  a  road  forks  to  the  right  and  runs  to  Summit  City  (abandoned)  and 
Blue  Lakes. 

t  At  thi^  point  ft  road  forks  to  the  right,  running  to  Leek  Spring,  Pleasant  Valley,  and  Newtown. 
(See  Keport  of  1878,  p.  61.) 

:  Right-hand  road  to  Fiddletown. 

§  Righ^hand  road  to  Sutter. 
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From  Carson f  Nev.y  to  Murphy%  Cal.y  ina  Silver  Mountain  City  and  Big  Tree  road 

sheets  Nos.  47  D  and  56  /?. 


Distance  in  miles. 


Carson 


Woodford's 30.87 


Markleevillo 

Bridge  and  Old  Toll-house 
Mount  Bullion  Toll-house 


CentrevUle 


Silver  Mountain  City. 
First  Summit 


Hermit  Valley  . 
Second  Summit 


Silver  Valley . . . 
Blood's  Station 


Onion  Valley 

*Big  Meadow  Creek 


Black  Springs 

Gardener's  Station  — 
Big  Trees  of  Calaveras 

Half. Way  House 

Murphy's  mining  village 


6.63 
1.61 
3:74 

2.55 


3.26 
a23 

6.47 
2.71 


5.74 
3.74 


2.33 
3.01 

5.70 

8.54 

2.82 

7.31 

an 


30.87 

37.50 
39.11 
42.85 


110. 37 
79.50 

72.87 
71.26 
67.52 


45.40  I    64.97 


48.66 
54.80 

60.36 
63.07 


61.71 
55.48 

50.01 
47.30 


68.81  i     41.56 
72.  55       37. 82 


74.88 
77.89 

83.59 

92.13 

94.95 

102.26 

110. 37 


35.49 
32.48 

26.78 

28.24 

15.42 

ail 


9  00 


5 


4,660 
5,676 

5,525 


6,446 


7,039 
8,157 


6,979 


6,464 
6,485 


Remarks. 


4,730 
3,358 
2.195 


State  capitol. 
Stage    station  mc 
west  Fork  Car* 
Seat  of  Alpine  Coi 

B:oad    to    Monito: 

the  west. 
Abandoned   minii 

opposite      moul 

Creek. 
Mining  town;  wo 

and  forage. 
Divide     between 

basins  of  the  C 

Mokelumne  Riv 
Wood,  water,  and 

pasturage. 
Divide     between 

basins  of  Moke 

Stanislaus  Kivei 
Wood,  water,  and 
Toll-house  and  cat 

wood,   water,  a 

or  pastui-age. 
Wood  and  water ; 
Wood,    water,    a 

bridge. 
Wood     and     wat 

scarce. 
Wood,  water,  and 

pasturage. 
Hotel ;  wood,  watx 

age. 
Inn;  wood,   watei 

age. 
Blacksmith's  sho] 

roads;  post-offic 

west. 


Good  mountain  road. 

*  A  little  l)cyond  this  creek  a  road  to  West  Point  turns  oflf.    It  is  used  principaUy  by 
cattle  herders.    Distance  as  follows:   Big  Meadow  Creek  to  Big   Meadow  Ranch,  1.39  : 
Meadow  Ranch  to  Folsom  and  Hall's,  at  Hunter's  Flat,  16.17  miles ;  Folsom  and  Hall's 
Ranch,  3.71  miles;  LUlie's  to  West  Point,  6.34  miles;  total  distance,  21.61  miles. 
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From  Calaveras  Big  Tree  Grove  to  Murphy's,  Cal, — Atlas-sheet  No.  56  B, 


^Calaveras  G-rove 

P(mrt«en-inile  Hoiue 
"Weftt  Point  road 


Itanch 

Half. Way  Hoase 

ICalavema  Grove 

Junction    

Horan's  Ranch... 


Tlanders' Ranch. 
Balf.  Wav  House 
Half. Way  House 
arphjr'B 


Distanoe  in  miles. 


d 
^•5 


& 


1.21 
1.38 

2.16 
2.85 


2.10 
1.04 

1.30 
2.87 


ae 

2 

a  . 

I 


1.21 
2.59 

4.75 
7.60 


2.10 
3.14 

4.44 
7.31 


8.11 


P3  o 


S 


.w 


7.60 
6.39 
5.01 

2.85 


I 


s 


Remarka. 


4. 730  I  At  the  hotel. 


7.31 

5.21 
4.17  j 

2.87  V 


3.358 
4,730 


3.984 


3,358  i 
2, 195 


Road  to  West  Point  via  Rail- 
road Flat. 

Wood,  water,  and  forage. 

Wood,  water,  and  forage ; 
stage  station. 

Hotel;  wood,  Water,  pastur* 
age,  and  forage. 

Wood,  water,  pasturage,  and 
forage. 

Stage  station. 

At  blacksmith's  shop,  fork 
of  Altaviile  and  Sonora 
roads,  \  mile  northeast  of 
po8t.o&ice. 


*  Via  upper  road. 


t  Via  lower  or  Moran  road.    Both  routes  good. 


From  Marphy^s  to  Sonora,  Cal, — Atlas-sheets  Nos,  56  B  and  56  D. 


Marphy'a 

5*>«iKla«  FUt 


Trail  to  Natural  Bridge 

Q^jTJ^tt's  (formerly  Pandola)  Ferry 


Spring 


?^l»»inbU  Post  Office 
K?!*«lMville 


Distanoe  in  miles. 


ae  • 

Si 


& 


1.67 
2.49 

3.32 

2.27 
3.17 

1.15 
L54 
0.89 
1.74 


1.67 
4.10 

7.48 

9.75 
12.92 

14.07 
15.61 
ia50 
1&24 


i 

I 


18.24 

18.57 
14.08 

10.76 

8.49 
5.32 

4.17 
2.63 
1.74 


9 

I 


o 

C   go 

S 


2.195 
'i,'748 


834 
2,014 

2,157 


1,964 
1,816 


Remarks. 


Mining    village ;    at   black, 
smith  shop. 
Do. 

City  post-office;  mining  vil- 
lage. 

Natural   bridges  on  Coyote 
Creek;  |  mile. 

South  B'ork  Stanislaus. 

Old    mining   village;    wood, 
water,  and  forage. 

Mining  town. 

Saloon. 

Mining  town. 

At  post-office. 
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From  West  Point  to  Calavercus  Big  Trees^  Cal. — Ailqa-sheet  Ko.  56  B. 


Sheep  Herder's  Cabin 


SutDinit 

San  Antonio  Creek . 


Bi^  Tree  road 

Fourteen-Mile  HoaRe. 
Big  Tree  Hotel 


Bistaiiee  in  miles. 


11 


£ 


West  Point 

Middle  Fork  Mokclumne . 

Fork  of  road 

Lickinff  Fork  Mokeliimne 
South  Fork  Mokelumne . . 

Jtailroad  Flat 

Forks  of  road 


1.07 
1.68 
1.37 
0.72 
1.40 
0.30 

6.50 

5.05 
3.12 

0.57 
1.38 
1.21 


1.07 
2.75 
4.12 
4.84 
6.33 
6.63 

12.22 

17.27 
20.30 

20.06 
22.34 
23.55 


i 

C9 

g 


23.55 
22.48 
20.80 
19.43 
18.71 
17.22 
16.92 

11.33 

6.28 
3.16 

2.50 
1.21 


J 


C  > 

a 


Remsrks. 


d 


'^< 


2,749 
2,436 


2,196 
2,' 606' 


4.658 
3,848 


4,^0 


At  post-office. 

Bridfre. 

To  Blue  Mount  City. 


At  post-office. 
Rignt-hand  road  to  McCart^ 

mill. 
Wood,  water,  and  gnMS 

early  summer. 

Crossing^  near  Dunbar's  ol 
saw -mill. 


Calaveras  Grove. 


Fronu  Antelope  Springs  to   Volcano,  Cal.,  via  Antelope  and  Pine  Grove  Turnpike, — Atl 

sheet  No.  56  B. 


Antolope  Springs 
Forks  of  the  rood 


Ranch 
Ranch. 


Volcano 


Forks  of  the  road 


HarknesA  Ranch 

•  Road  forks  to  Went  Point 

t  Foster's  Riinch 

Forks  of  the  road 


7%«  foUovnng  are  the  dittances  on 
the  West  Point  t'ork  : 


Divide  between  North  Fork  Mo- 
kelumne and  South  Fork  Sutt4?r 
Creek. 
Crossing  North  Fork  Mokelumne 
West  Point  Post  Othce 


Remarks. 


Right-hand  road  to  Dryto^ 
Fiddletown,  &c. 

Watering-trough,  wood, 
and  forage. 


Wood,  water,  and  forage-* 
Road  to  Volcano  forhs  tc-^ 

right  from  Antelope  ^ 

Pme  Grove  roads. 


Leave   Antelope  and 

Grove  road. 
Road  forks  west. 


2,091  I  Suspension  bridge. 
2, 749     Mining  village. 


t  Not  the  same  station  given  on  the  Amador  road. 


I 
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rom  ffit^s  Cove  to  Mariposa  Road^  Cah—'Atl^S'sheet  JVo.  56  D, 


ch,  or  Snyder  Gnlch 
'ootman'n  Gulch 


Distance  in  miles. 


1 

9 

i 

s 

s 

i^ 

:^ 

9  a 

• 

poi 

MM 

o  « 

n 

o  > 

^S 

i 

5.88 
1.07 
4.44 
4.90 


^ 


6.88 

6.95 

11.89 

16.29 


1 


s 

e 


16.29 

10.41 

9.34 

4.90 


® 


-S 

9 


Remarks. 


260  yards  east  of  Boot-Jack 
Kauch. 


[STANCES    BKTWEKN    IMPORTANT    POINTS    MEANDERED   BY    PARTY  NO.    1, 
COLORADO  SECTION,   DURING  1878. 

y,  N.  Mex.,  to  Saint  John's,  Ariz. 

lie,  Ariz.,  to  Millij^an'H  road.  Ariz. 

lie,  Ariz.,  to  Liiera  Spring,  N.  Mex. 

te,  N.  Mex.,  to  Fort  Tulerosa,  N.  Mex. 

nl,  N.  Mex.,  to  Mexican  Bonndary,  via  Eureka. 

rd,  N.  Mex.,  to  Mexican  Boundary,  via  La  Tenaja. 

rd,  N.  Mex.,  to  Las  Cruces,  N.  Mex. 

rd.  N.  Mex.,  to  Paloinas,  N.  Mex. 

\  N.  Mex.,  to  Fort  Tulerosa,  N.  Mex. 

I's,  Ariz.,  to  Sprincerville,  Ariz. 

^.  Mex.,  to  Fort  Bayard,  N.  Mex. 

•«  Ferry y  N.  Mex.,  to  Saint  John*Sy  Ariz.-^Atlas^sheeia  Kos,  84,  77,  and  76. 


tterson) 
>ad 


Divide 


lA 

rin  grille) 


Distance  in  miles. 


0 

8-3 


22.50 
17.20 

a  70 
7.00 
6.50 
7.80 
16.50 
14.00 
6.20 

13.68 

21.00 

0.50 

6.00 

16.00 

4.95 
12.94 


at 

b4 


ai 

s 

o 

a 

I 

S 


22.50 
89. 7d 

48.40 
56.40 
60.90 
68.70 
85.20 
90.20 
105.  40 

119.08 
140. 08 
140.  58 

146.58 

161.68 

166.5.1 
179. 47 


179. 47 
156.97 

139. 77 


131. 07 

124.  07 

118.  67 

110.77 

04.27 

80.27 

74.07 

00.39 
39.39 
88.89 

33.89 

17.89 

12.94 


9 

> 


«s  > 
sat 

0 


<J 


4,1S4 
6,177 

6,081 


6,464 
7,199 
7,174 
7,585 
7,204 
7,977 
7,319 

6,827 

6,' 344 

6,472 

6,861 


Remarks. 


6.850 
5,650 


Ferry  and  ford  on  Rio  Grande. 
Mexican  towd ;    water   and 

(irrass ;  wood  Hcarce. 
Hotspriiies;  water,  wood,  and 

i^rass ;  Indian  reservation. 
Wo(xl  and  grass ;  no  water. 

Do. 
Crossing  of  dry  plain. 
Water,  wood,  fuia  grass. 
Good  water,  wooti,  and  grass. 
Fine  timber  and   grass:  no 

water. 
Mexican  settlement:  water. 

wood,  and  grass. 
Do. 
Woo<l  and  grass. 
Sweetwater  spring  at  lake; 

wood,  and  grass. 
Water   most   of   the   year; 

wood  and  grass. 
Water  and  grass ;  wood  near 

Do. 
Mexican  town ;   Water  and 
grass ;  no  wood. 


I  this  route  is  excellent,  and  road*bed  generally  Tery  good,  with  little  sand.  Somewhat 
rvals  between  Rita  Qaemada  (where  the  Albaqnerque  rt'eight  road  Joins)  and  Tule  Spring 
»on. 
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From  Springervillef  Ariz.j  to  MilligatCa  Road^  via  Los  Lentes. — Atlas-sheets  Nos.  76 and&. 


Springerville. 
Cienega 


William's  Banch 

Divide 

Bash's  Banch ... 


Settlement 
Stream 


San  Francisco  River 


'  Mexican  Ranch .*. 

Los  Lentes 


Paria's  Spring. 
Milligan's  Road . 


Distance  in  miles'. 


Q  a 
u  o 

it  ^ 


s 


10.25 

6.25 

6.29 

2.87 

2.75 
4.07 

3.61 

6.18 
3.25 

5.70 
9.42 


o 
bc 

a 

"a 
a" 

o 


10.25 

16.50 

22.79 

25.66 

28.41 
32.48 

36.09 

42.27 

45.  52 

5L22 
00.64 


CO 
bC 


60.64 
50.39 

44.14 

37,85 

34.08 

32.23 
28.16 

24.56 

18.37 
15. 12 

9.42 


9 

■5 


6,862 
7,476 

7,487 

8,262 

7,704 

7,663 
7,671 

7,235 

6,733 
6,542 

6,896 
7,156 


Remarks. 


Berker'a  store. 

Ranches,   water,  wood,  and 

grftHa 
Ui)i>fr   ranch,    on  Nntrioao 

Creek. 
Fine    timber   and    fjia\iig\ 

water  near  on  eitht-r  8id# 
Upper  ranch  on  San  Franote- 

CO  River. 
Road  leaves  valley. 
Impassable  for  wagons ;  li'iiw 

descending  to  stream;   '^^ 

ter,  wooii,  and  grass. 
"Water,  wood,  and  grass; 

in  poor  condition. 
Do. 
Mexican  settlement ; 

wood,  and  grass. 
Water,  wood,  and  grass. 
Carrizo  SprixLg  0.5  mile 

east. 


tbe 


This  road  is  good  to  settlement,  but  little  nsed,  and  the  present  route  is  impracticable  between  »^ettle- 
ment  and  where  it  rejoins  river.    Good  from  Los  Lentes  to  Milligan's  Road. 


From  Springerville,  Ariz.,  to  Luefa  Spring,  y,  Mex.,  via  MilligarCs  Road, — Atlas-sheei^    Km. 

76,  83,  and  84. 


Distance  in  miles. 


Us 

§.s 


S 


Springerville 

Coyote  Spring \      9.10 

Cienega  Amarilla '    11. 31 

Oak  Spring 12.47 

Rancheria  Yieja 4.  50 

Road  Junction 10.40 


Apache 


6.10 


GalloSpring 4.90 

Forks  to  Tulerosa 

Divide  and  forks 

Forks  (to  Patterson's) 
Horse  Spring 


8.90 
3.81 
5.46 
9.30 

Rito  Mangos  road 23.  00 

Luera  Spring 2. 00 


a 
p.  Q 

a" 

O 
u 


9.10 

20.41 

32.88 
37.38 


70.49 

75.95 

8.>.  2a 

108.  25 

110.  25 


go 
60 


a 

o 


110. 25 
101. 15 

89.84 
77.37 
72.87 


47.78 

62.47 

52.88 

57.37 

57.78 
66.68 

52.47 
43.57 

39.76 

34.30 

25.  00 

2.00 


p 


Remarks. 


6,862 
6.874 

7.179 
7,741 
7,300 

7,220 


Water,  wood,  and 

forks  to  Salt  Lake. 
Water,  wood^  and 

Do. 
Water  scant;    0.6 

cafion  wood  and  g 

Catrizo  Spring  0.5  mile* 

drain,   at  Junction 

drain  of  Apache  C 

7,324     Water^    wood,    and 

!      Mexican  settlemen.' 


road 


^le  «P 


-■ipesst 

<»f  dry 

k. 

grtsi; 


7,587 
7,174 
7, 155 
6,  912 
7,045 

7,585 


Do. 
Through  northern 
Upper  road  to  Tulero^* 
Dry  plain. 

Riiucli :  water  and  g«"«M*- 
Woml  and  grass. 
Water,  wooti,  and  graus*. 


00. 


Road  in  goo<l  condition  for  wajzon  tmin.  with  the  exception  of  a  short  piece  between  Apache  and  the 
Gallo;  this,  however,  may  be  avoided  by  taking  the  road  to  the  left  at      Roatl  Junction     and  yuMiui 
by  way  of  Carrizo  Spring,  join  th«*  inuin  foa<l  1  mile  before  reaching  the  Gallo.    This  route  will  be  foriiKl 
to  be  a  shorter  distance  ^y  about  2  miles  than  the  one  given. 
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^aliente  to  Fort  Tulerosa  {abandoned)j  X.  Mex. — Atlas-sheets  Kos.  84  and  83. 


>g 


oad 


nPUin 
=Unch.. 
IHvide. 


Distance  in  miles. 

® 

1 

Between  consecu- 
tive points. 

.52 

•a 

o 

i 

i 

H 

1 

C9 

-1 

9 

<1 

64. 9G 
56.26 
5L96 

6,081 

8.70 
4.30 

8.70 
13.00 

6,464 
7,182 

4.00 
2.00 

17.00 
19.00 

47.96 
45.96 

7,325 
7,416 

0.50 
6.80 

19.50 
26.30 

45.46 
38.66 

7.464 
7,835 

6.50 

19.50 

4.16 

32.80 
52.30 
56.46 

32.16 

12.6iB 

8.50 

6,780 
6,720 
6,912 

8.50 

64.96 

6.612 

Remarks. 


igency. 
nid 


no  water, 
wood    and 


water 


Indian  a^ 

Wood  ana  grass ; 

Water    scarce; 
grass  plenty. 

Wood  and  grass. 

Fine  grazing;  wood; 
not  permanent. 

Leaves  North  Star  road. 

Grass;  little  wood;  water  in 
wet  season. 

Fine  grazing,  east  side. 

Water  and  grass. 

Forks,  upper  road;    water, 
wood,  and  grass. 

Old   post;    Mexican   settle- 
ment. 


Ith  the  exception  of  a  steep  hill  between  Forks  and  Water-hole. 
)  miles  firom  Patterson's. 


Intersection  of  Horse 


3ayard,  N,  Mex,,  to  Mexican  Boundary ^  via  Eureka, — Atlas-sheets  Nos,  84 

and  90. 


Distance  in  miles. 

Altitude  in  feet  above 
sea-level. 

11 

r 

1 
1 

1 
1 

s 

Remarks. 

92.18 
80.98 

80.18 
tfl.43 
64.03 
25.73 

22.20 

6,068 
5.478 

5,405 
5,001 
4.975 
4,746 

4,756 

I  ...................... 

11.20 

0.80 
15.75 

0.40 
38.30 

3.53 

22.20 

11.20 

12.00, 
27.75 
28.15 
66.45 

66l98 

92.18 

Warm  spring;  good  water 
and  grass.;  no  wood. 

Water  and  grass;  no  wood. 

Water  and  grass. 

To  Carrizilfo  Spring. 

Well;  water  scarce;  grass; 
no  wo6d. 

Spring;  good  water;  grass; 
little  wood. 

Dry  plain;  grass;  no  wood. 

I  ...................... 

idarv. .  ..«»*...-...«.«.. 

kUM*  J. •>■«•.•.. ...«•«>> 

vis  Ranch  and  Cow  Spring,  road  crosses  a  number  of  dry  ravines  and  is  somewhat  broken, 
•d  except  a  short  miry  piece  in  drain  from  Silver  City.  Grood  grass  is  found  between  Cow 
reka,  but  no  wo6d  except  occasionally  mesquite,  soap  weed,  or  cactus.  From  the  Mexican 
[esqnite  Spring  the  distance  is  3.8  nules. 

£ 
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From  Fort  Bayard,  X,  Mex,y  to  Mexican  Boundary. — Atlas-eheets  Xos,  84  and  90. 


Fort  Bayard ., 
Cow  ^ring 
La  Temya. . 


Carrizillo  Spring. 
Mexican  Boundary. 


Distance  in  n 

liles. 

^ 

M 

• 

i 

1 

1 
1 

Mexican 
ondary. 

«  to 

&'  o 

s-< 

'O 

Betwe 
tiv 

6,068 
5,001 

75.80 
48.05 

27.75 

27. 7S 

32.30 

00.05 

15.75 

4,701 

10.00 

70.05 

5.75 

4,457 

5.75 

75.80 

Remarks. 


Water  and  grass ;  no  vod. 

Water    scarce;    wood  aod 

^grass. 

Water  and  gnuwi;  no  •wood. 

Dr>',  grassy  plain. 


An  old  and  macb  traveled  road  to  Chihnahna.    Bed  very  goo<l.    From  Mexican  Boundary  to  Me<qute 
Spring,  eighteen  miles ;  water  holes  five  miles  across  the  boundary. 


From  Fort  Bayard  to  Las  Cruces,  X,  Mex, — Atlas-^heei  Xo,  84. 


Fort  Bayard  — 
Apache  Tejo. 


Hot  Springs 

Miembres 

Old  Fort  Cummings 


Slocnm. 
Forks*  . 


Picacho  Crossing. 
Las  Graces 


Distance  in  miles. 


0  d 
©.a 

u  o 

9.  ® 


& 


11.20 
9.50 
5.00 

19.50 

31.10 
5.00 

15.70 

4.20 


o 


11.20 

20.70 

25.70 

45.20 

76.30 
81.30 

97.00 

101.20 


2 
o 

J 


101.20 
90.00 

80.50 

75.50 

56.00 

24.90 
19.90 

4.20 


9 


S    go 

d 


< 


6,068 
5,478 

5,008 

4.920 

4,840 

4>519 
4,596 

3,784 

3,797 


Remarks. 


Warm   spring;  good  water 
and  grass.  ^ 

Government  agency;  g«" 
water  and  grass.  , 

Town   and   crossing;   %^ 
water  and  grass.  . 

Government  agency;   g«" 
water  and  grass. 
Do. 

Near  Fort  Selden;  dry  coun- 
try ;  no  wood. 

Fowl  of  Rio  Grande:  danger- 
ous; quicksand  bottom. 

Town  and  post-office;  gov- 
ernment agency. 


This  is  the  stage-route  from  the  Rio  Grande  Ui  Fort  Bayard .  .  . 

*  Freight  trains  that  go  over  the  Jornada  del  Muerto  can  cross  at  Fort  Seldon  by  the  ferry  and  join 
stage-road  at  the  Forks  11.07  miles  distant. 
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«Vo»i  Fort  Bayard  to  PalomaSj  X,  Mex, — Atlaa-aheet  No,  84. 


Mimbres 


trail) 


9 

Distance  in  miles. 

1 

0 

• 

OD 

08 

s  *^ 

ee                 c» 

03 

Between  coi 
tive  poiu 

From  Fort  B 

From  Polom 

Altitude  in 
sea-l 

6.00 

6.00  1 

9.60 

15.60 

10.50 

26.10  ! 

1.27 

27. 37 

3.80 

31.17 

aoo 

40.07 

3.65 

43.72 

5.80 

49.52 

4.80 

54.32 

1.68 

56.00 

4.24 

60.24 

10.66 

70.90 

11.50 

82.40 

82.40 
76.40 
66.80 
56.30 
55.03 
51.23 

42.33 
38.68 
32.88 
28.08 
26.40 
22.16 
11.50 


Remarks. 


Government  post. 

Hottlemeut;  copper  mines. 

Reduction  worKs. 

Bad  in  wet  season. 

On  blnff.      - 

Water  in  wet  season;  wood 

and  grass. 
Water,  wood,  and  grass. 

Do. 
Grass ;  little  wat^r  and  wood. 
Good  wat«r;  wood  and  gra«s. 
Water  and  grafl(s ;  no  wood. 
Mining  town;  gold. 
Water,  wood,  and  grass. 
Mexican  town  on  RIu  Grande. 


easy  grades  to  forks  of  trail  and  road  bo3'ond  tbe  crosHing  of  the  Miembres..    The- 
rail  to  where  it  meets  the  Hillsboro  road,  1.75  miles  to  north  of  McEver's  Ranch. 
Palomas  the  route  is  by  trail  across  tbe  plains. 


Hiy  to  Fort  Tulerosa  {abandoned)^  N.  Mex.— Atlas-sheets  Xos.  84  and  83. 


ich 


ok 


liver 

ower)  plaza 


niddle)  plaza . . 
ipper)  plaza  . . . 
Andoncd)  .....i 


Distance  in  miles. 


h 
ft 

9 


8.25 
4.25 
8.15 
a  75 
5.10 
2.30 
13.75 

12.15 

&50 

3.00 

8.00 

15.41 

2.45 

2.14 

20.75 


> 
OQ 

a 


8.25 
12.50 
20.65 
29.40 
34.50 
36.80 
50.55 

62.70 

69.20 
72.20 
80.20 
95.61 

98.06 
100.20 
120.95 


ti 


a 


120.95 
112.70 

108. 45 

I 

100.30  i 
91.55 
86.45 
84.15 
70.40 

58.25 

51.75 
48.75 
40.75 
25.34 

22.89 
20.75 


e 

> 

o 


9 
9  S 


5,771 
6,042 
5,556 
4,737 
4,428 
4,590 
4,697 
4,968 

4,678 

4,863 
4,944 
5,168 
5,639 

5,638 
5,688 
6,612 


Remarks. 


Mining  town  and  post-office ; 

popmation,  1,400. 
Wood,    water,    and     grass; 

road. 
Wood,    water,    and    grass: 

trail. 
Dry   bed;    rongh    country; 

wood  plenty ;  trail. 
Settlement;  wood, water,  and 

grass;  traiL 
Wagon  road;  fine  grazing; 

Gottonwoods. 
Head  Creek;    cottonwoods; 

fine  grazing. 
Good  water  200  yarrls  down 

gulch;    little   wood;    flue 

grazing. 
Settlement;  water, wood,  and 

grass. 
Meadows ;  wj  t?r  and  grass. 
Crossing. 
Return  to  river. 
Mexican  town;  wooil,  water, 

and  grass. 
Do. 
Do. 
Do. 


rsects  the  main  wagon  route  to  Tulerosa  at  Patterson's  Ranch,  which,  from  Silver 
angos  Spring  and  old  Fort  We8t,  and  is  about  four  miles  lou}j>er  than  the  route  giv<  u. 
the  road  has  been  little  used,  and  that  portion  which  i.n  iu  tbe  caQou  of  the  San  Fran- 
1  Francisco  River  and  lower  plaza,  is  aimobt  impasnable  for  wagons. 


I 
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From  Saint  John^s,  to  Sptingerville,  Ariz, — Atlas-sheet  Xo,  76. 


St  John's 


Chriflwell's  Hancli. 
Tale  Springs 


Ford 

VigU'a  Banch 

Ford 

Springerville... 


Distance  in  miles. 


i 


11 

9  > 


6.50 
5.00 

4.00 

2.50 

1.65 

12.15 


a 

»-9 


B 


6.50 
11.50 

15.50 
18.00 
19.65 
31.80 


«J3 


S 


3L80 


25.30 
20.30 

16.30 
13.80 
12.15 


9 

I 


9  ® 
9 


9  CO 

d 


5 


6,650 


6,772 
5,807 

6.875 
6,034 
5,967 
6,862 


Bemarks. 


Mexican  towx^  on  Little  Col- 
orado;  water  and  gnu; 
no  wood. 
Three  springs ;  allKali  viter. 
Water^    wood,    and  ga»; 
Mexican  ranch. 
Do. 
Do. 
Do. 
Becker's  store  and  poet^iffioe. 


Boad  hilly  in  parts,  bat  generally  good,  and  follows  op  the  Little  Colorado  Biver. 


fe 
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Fort  Bayardf  N.  Mex,j  via  Gewgetotcn, — Ailas-eheeis  Xos.  77  and 84. 


Lanch) 


8) 


a). 


Distance  in  miles. 

• 

:3 

1 

i  « 

o 

^ 

§.9 

S3 

•«4 

s 

^-< 

o 

is 

-<1 

^ 

^^ 

g 

g 

Bet 

1 

1 

7.37 
17.61 

19.48 

2.50 

11.83 

6.33 
10.21 

0.50 

11.25 

2.10 

13.40 

8.20 
6.34 

4.18 
14.90 
&65 
5.58 
9.74 

a  15 
3.50 

6.10 

3.10 
1.35 
1.50 


7.37 
24.98 

44.46 

46.96 

58.79 

65.12 
75.33 

75.83 

87.08 

89.18 

102.58 

110. 78 
117. 12 

121. 30 
136.20 
142.85 
148.43 
158.17 

166.32 
169.82 

175.92 

179.  02 
180.37 
18L87 


181.87 

174.60 
156.89 

137.41 

134.91 

123.08 

116.75 
106.54 

106.04 

94.79 

92.69 

79.29 

71.09 
64.75 

60.57 
45.67 
39.02 
33.44 
23.70 

15.55 
12.05 

5.95 

2.85 
1.50 


> 

o 

e3 


9-2 

—m  OS 


0 


s 


4,600 

5.326 
6,398 

7,602 

7,740 

7,178 

7,174 
7,416 

7,464 

7,291 

7,256 

6,927 

6,593 
6,188 

6,329 
6,702 
7,595 
7,344 
6,237 

5,864 
6,455 

6,161 

5,857 
6,028 
6,068 


Eemarks. 


On Kio Grande;  water,  wood, 

and  grass. 
Water,  wood,  and  ffrazinff. 
Water  and   graz&ig;    uttle 

wood. 
Good  water ;  wood  and  grass 

abundant. 
Wat«r  in  wet  season ;  wood 

and  grass  plenty. 
Water  in  wet  season;   fine 

grazing  and  wood. 
Dry  prairie. 
Water  in  wet  season;  wood 

and  grass  plenty. 
Koad  Irom  OJo  Caliente  to 

San   Angnstin    plain  and 

Patterson's  Rancn. 
0.5  mile  east  of  road;   fine 

grazing. 
Fine  water  and  grazing;  wood 

abundant. 
Old  Camp  Sherman;  water, 

wood,  and  grass. 
Water,  wood,  and  grass. 
Old  Camp  Vincent ;  junction 

Warm  Spring  Creek. 
Bad  crossing  in  wet  season. 
Water,  ivood,  and  grass. 
Do. 
Do. 
Water,  wood,  and  grass ;  0.5 

mile  from  Mimbrea  River. 
Wood,  water,  and  grass. 
Mining  town ;  wood  and  wa- 
ter. 
Copper  mines ;  wood,  water 

and  grass. 

Gold  mines ;  arrastra. 
Government  post;  post-office. 


'  this  route  is  along  the  North  Star  road,  which  leaves  the  Rio  Grande  near 
*co  River,  and  passing  bv  Ojo  de  la  Guinea  Joins  this  route  near  the  north  point 
IS,  where  ther  oad  from  Socorro  also  Joins.  At  Point  of  Rocks  the  road  forks  to 
16  miles.  From  forks  (Ojo  Caliente)  to  Qjo  Caliente  the  distance  is  21.20  miles. 
I  Ranch,  partly  by  road  and  partly  by  trail,  the  distance  is  18.8  miles.  Below  old 
ul  is  in  a  closed  marshy  cafion  for  about  two  miles ;  road  follows  down  Gila  River 
Bck  River  one  mile,  after  crossing.  The  distance  can  be  shortened  several  miles 
At  Agate  Creek  and  ioin  road  again  on  high  ridge  to  south :  distance  by  trail  4.66 
afion  for  four  miles  the  road  is  verv  bad  and  almost  impassable  for  wagons.  Farm- 
Mimbres  River  between  McKnight's  and  Magruder's. 


MINING  NOTES. 


nd  survey  of  the  Washoe  mining  region  was  carried  to 
data  for  the  contouring  of  the  southeast  corner  having 
ariy  in  the  season.  The  remaining  examinations  were 
velocities,  volumes  and  temperatures  in  some  of  the 
shafts,  various  levels,  and  in  the  Sutro  Tunnel.  Collec- 
3re  channels  and  country  rock  were  made  from  shafts, 
lels,  as  circumstances  permitted. 

itiires  now  being  made  at  a  few  of  the  main  shafts  show 
►mise  future  interesting  results.    The  contour  map,  drawn 
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to  a  scale  of  1  incli  to  500  feet,  is  completed.  Tbe  map  will  serve 
basis  for  engineering  calculations,  and  also  for  delineation  of  tbe  r 
from  such  further  study  of  the  ore-bearing  channels  and  rocks  c 
region  as  may  be  made  from  time  to  time. 

The  outline  map,  herewith,  shows  the  location  and  surface  ext< 
all  the  mines  for  \a  hich  patents  have  been  issued,  as  given  by  a  1 
ceived  from  the  Land  Office,  up  to  the  date  stated  on  its  face,  to^ 
with  a  number  of  others  now  on  the  records  of  the  General  Land  i 
and  for  which  application  for  i)atent  has  been  made.  This  map  \i 
printed  also  in  curves,  giving  differences  of  elevation  of  50  feet 
relative  and  positive  elevations  of  all  working  shafts  are  noted,  the 
tion  of  mills,  mining  settlements,  and  their  approaches,  togethei 
croppings,  &c.  This  map  illustrates,  in  a  measure,  the  applicat 
the  surface  claim  of  the  last  mining  law,  and  shows  clearly  cases 
litigation  may  readily  arise,  especially  on  account  of  varying  ang 
the  side  lines  of  adjoining  claims,  and  because  vertical  planes  p 
through  the  end  lines  of  adjoining  claims  may,  in  insta^uces,  either 
sect  or  enter  the  adjoining  claim  at  given  depths  along  the  dip  ( 
lode.  This  is  the  more  marked  in  the  locations  made  along  the  ei 
line  of  crop,  which  is  usually  but  poorlj^  defined. 

This  map  further  illustrates  the  comparatively  small  amount  of  g 
that  the  government  parts  title  with  in  granting  })atents  for  ii 
claims.  A  transcrii)t  has  been  kept  of  the  progress  of  the  underg; 
work  of  the  district,  and  traced  copies  of  the  maps  secured  to  ken 
the  set,  showing  the  extent  of  the  mine  explorations,  and  also  the  pre 
of  the  Sutro  Tunnel,  that  has  now  tapped  the  vein  proper  and  i 
ployed  as  a  means  of  drainage. 

The  material  at  hand  is  sufficient  upon  which  to  base  cix)ss-secti 
the  most  i)rominent  points  along  tbe  vein,  the  horizontal  sections 
the  working  levels,  and  a  vertical  section  along  the  whole  lode. 

I  desire  again  to  advert  to  the  courtesy  shown  by  Messrs.  Jamc 
Wrinkle  and  'Messrs.  Craven,  Hoffman,  and  Gignoux,  all  minera 
veyors  of  Virginia  City,  while  myself  and  parties  have  been  engaj 
gathering  data  for  the  surface  maps  and  the  below-surfaee  workii 
the  Comstock  mines. 

The  contour  map,  together  with  the  above  sections,  afford  suf 
material  upon  which  to  base  a  relief  model,  showing  the  shape  < 
surface  and  the  relative  positions  thereto  of  the  underground  worl 

A  condensation  of  notes  made  at  a  number  of  mining  districts 
usual  form  is  herewith : 

HIDCii:   BAU   MIXING   CAMP,    KERN   COUNTY,   CALIFOKNIA. 

[From  notes  l>y  Lieut.  Willard  Young.] 

This  camp  bad  not  been  regularly  organized  into  a  distinct  in  Sc 
l>er,  1878,  the  time  of  our  visit.  It  is  situated  in  the  Kern  Kiver  C 
about  five  miles  above  the  mouth. 

Tbe  claim  covers  about  100  acres,  and  consists  principally  of  a 
gravel  deposit,  forming  a  ridge  nearly  parallel  to  tbe  river  and  di 
in  tbe  bed  of  tlie  old  stream.  Tbe  cam])  gets  its  name  from  ihit 
It  was  first  discovered  in  A])ril,  1878,  and  has  been  worked  con tini 
since.  Tbe  post-office  is  Balcersfield,  distant  about  25  miles.  Tlie 
try  rock  in  tbe  vicinity  and  above  is  granite.  There  are  two  claim 
being  worked,  tbe  Enterprise  and  tbe  Cbinaman.  A  ditch  and  i 
about  3J  miles  in  lengtl),  are  being  constructed,  to  carry  the  wa 


/ 
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as  Creek  to  thesei  claims,  which,  when  completed,  will  furnish  aboat 

0  miner's  inches  of  water.  Two  thousand  five  hundred  dollars  have 
ady  been  expended  on  this  work,  and  it  is  estimated  that  it  will  take 
iOO  more  to  finish  it.  Labor  costs  about  $2  for  white  men  and  $1.25 
Chinamen,  per  day.  Hay  costs  1  cent  and  barley  2J  cents  per  pound, 
y  are  brought  from  Bakersfteld.  There  is  plenty  of  wood  and  grass 
he  vicinity.  About  '25  men  are  now  at  work.  Country  roads  are 
^  bad.    Deer,  bear,  quail,  and  grouse  are  found  in  the  neighborhood. 

gravel  is  said  to  be  quite  rich,  and  it  is  estimated  that,  by  ground- 
euig,  one  man  can  wash  out  $10  per  day. ' 

SAX   GABRIKI.  DISTRICT,   LOS  ANGELES  COUNTY,   CAUFOKNIA. 

[From  notes  by  Lieut.  Willard  Young.] 

his  district  comprises  the  whole  mountain  region  drained  by  the  San 
>riel  River.    It  was  first  discovered  in  1852,  by  Cai)tain  Hanegar  and 

Thos.  Driver.  Little  or  nothing  was  done  until  1858;  but  since  this 
e  the  district  has  been  worked  continuously.  The  post-oflice  is  Azusa, 
nail  town  near  the  mouth  of  the  cafion.  From  the  main  mining  camp^ 
Ive  miles  up  the  canon,  to  the  railroad  at  San  Gabriel  Mission  is 
•ut  33  miles.  No  geological  investigation  has  been  made,  except 
ig  the  caiion  for  about  3  miles  above  it«  mouth  to  the  Winston  Sil- 

Miue,  which  was  visited  by  Professor  IVIarcou  in  1875. 
'be  principal  work  now  being  done  is  on  the  placer  mines  along  the 
T,  there  being  some  hundred  or  more  claims  located ;  and  on  two 
raulic  claims,  comprising  large  tracts  of  gravel  banks,  with  ditches 

flimies  to  convey  the  necessary  water.  These  latter  have  been  in 
fation  since  1874,  the  gravel  deposits  being  some  80  feet  in  depth, 

from  100  to  200  feet  above  the  present  river  bed.  These  deposits 
almost  inexhaustible,  and  will  afford  employment  to  the  present  own- 
ind  workers  for  years  to  come.  There  are  several  veins  in  the  vicinity 
le  Winston  Mine  now  being  worked,  all  yielding  silver  ore ;  but  noth- 
lefinite  could  be  ascertained  as  to  their  extent  or  richness.  The  char- 
ristics  of  the  ores  are  the  same  as  those  at  the  Winston,  which,  in 
r  composition  and  in  the  maiuier  in  which  they  are  found,  are  said 
-semble  very  closely  the  rich  silver  ores  of  Virginia  City,  Nev.  All 
ys  thus  far  have  shown  the  presence  of  gold.  The  amount  of  money 
^nded  in  constructing  ditches  and  in  machinery  and  labor  for  the 
raulic  claims  is  about  $32,000.  Amount  of  gold  extracted  per  annum 
i  these  claims  about  $12,500.  Expended  on  Winston  Mine,  $8,000, 
cipally  in  running  tunnels  and  shafts.  Little  or  no  returns  have 
been  realized. 

he  placer  mines  have  been  worked  principally  by  Mexicans,  and  it  is 
ossible,  on  that  account,  to  obtain  any  statistical  information.  It  is 
eved,  however,  that  the  total  amount  of  gold  produced  from  these 
les  since  1858  will  exceed  $2,000,000. 

imber,  in  considerable  quantities,  abounds  in  the  entire  district,  with 
?e  pineries  on  the  northern  and  eastern  boundaries.    The  district  is 

1  watered/by  the  San  Gabriel  lliver  and  its  tributaries,  which  attord, 
;er  in  sufficient  quantity  for  hydraulic  mining  and  milling  puqmses. 

5  road  up  the  canon  is  very  rough.  Deer,  bear,  quail,  wild  pigeons, 
1  gray  squirrels  abound.  There  are  now  about  150  inhabit^^nts  in  the 
jict.  Hay,  grain,  and  farm  produce  are  easily  obtained  from  the 
I  Gabriel  Valley.    Labor  costs  $2  per  day. 


1 
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SAN  ANTOXIO  DISTRICT,  SAN   BERNARDINO   COUNTY,    CAUFORNIA. 

[From  notes  by  Lieut.  Willard  Young.] 

This  district  comprises  the  country  drained  by  San  Antonio  Creek.  It 
was  first  organized  in  1872,  and  was  reorganized  in  October,  1878.  But 
very  little  work  has  been  done  in  this  district  since  its  first  discovery. 
The  post-office  is  Cucamonga ;  and  Cucamonga  Station,  distant  11  mile«^ 
is  the  nearest  railroad  point.  No  geological  investigation  has  been 
made.  Mineral  croppings  are  found  in  the  canon  on  either  side  of  the 
creek;  and  one  ledge  is  situated  near  the  summit  of  San  Antonio  Peak. 
None  of  them  have  yet  been  developed  to  any  extent.  The  principal 
mines  are  the  Shell  Bark,  Gilbert,  and  Elmore,  all  placers ;  and  the 
Clark,  near  the  summit  of  San  Antonio,  and  the  Eed,  White,  and  Blue, 
on  the  east  side  of  the  canon,  both  quartz. 

I  was  unable  to  find  out  the  composition  of  the  ores  of  the  Clark  and 
other  vein  mines.  Eich  placers,  just  discovered  in  the  bed  of  the  creek, 
gave  new  life  to  the  work  there,  and,  as  a  consequence,  locations  have 
been  made  along  the  creek  for  nearly  its  whole  length.  Nothing  of  any 
consequence  had  been  done  up  to  the  time  of  our  visit.  Labor  costs  $2 
per  day.  Hay  1  cent  and  barley  1 J  cents.  These  and  farm  produce,  &c., 
are  easily  obtained  from  Cucamonga  and  the  valley  below.  Wood  and 
water  are  abundant ;  grass  only  moderately  so.  Game  is  scarce,  though 
deer,  mountain  sheep,  pigeons,  and  quail  are  found. 

The  district  will,  I  think,  never  be  of  any  great  importance. 

nOLCOMB  VALLEY  DISTRICT,    SAN  BERNARDINO   COUNTY,   CALIFORNIA. 

[From  notes  by  Lieut.  Willard  Young.] 

This  district  was  first  discovered  in  1860,  by  William  Holcomb,  and 
was  organized  in  the  spring  of  1861.  It  has  been  worked  continuously 
since  that  time.  The  post-office  is  San  Bernardino,  distant  by  trail  4(1 
miles,  and  by  wagon-road  75  miles.  A  good  road  runs  from  Cajon  Pass 
to  the  district.  It  is  situated  in  the  mountains,  north  by  northwest  from 
San  Bernardino  Mountain,  and  is  bordered  on  the  north  by  the  Mojave 
Desert ;  on  the  south  by  the  Santa  Ana  Eiver ;  on  the  east  by  Bear 
VaUey ;  on  the  west  by  the  desert  hills,  near  the  forks  of  the  Mojave 
River.  The  district  is  about  10  miles  square,  and  mineral  croppings  are 
found  pretty  nearly  over  the  whole  area.  No  special  geological  investi- 
gations are  known  to  have  been  made. 

The  general  trend  of  the  mountains  in  the  vicinity  is  from  west  to 
east,  with  spurs  running  from  north  to  south.  The  mining  ledges  are 
situated,  some  near  the  top  of  the  mountain,  and  others  in  canons  and 
on  both  the  north  and  south  slope  of  the  mountains.  The  general  dh 
rection  of  the  lodes  is  a  little  north  of  west,  except  at  the  Green  Lead 
Mine,  where  it  runs  from  north  to  south.  Tiie  wall  rock  is  granite,  with 
a  dip  of  40O  to  45°  towards  the  south.  [Near  the  Green  Lead,  which  is  to- 
wards the  western  boundary  of  the  district,  the  country  rock  is  lime- 
stone and  granite.  In  Holcomb  Valley  proper  the  rock  is  entirely  gra- 
nitic. The  gold  ores  at  Holcomb  Valley  yield  from  $7  to  $80  per  ton  and 
are  worked  by  the  free  process.  The  silver  ores  are  smelted.  There  are 
a  great  many  placer  claims  here  also.  The  ore  from  the  Green  Lead  is 
roasted.  At  Holcomb  Valley  the  water  level  has  been  reached  at  about 
100  feet,  more  sulphurets  being  found  below  than  above  this  level.  At 
the  Green  Lead,  water  level  was  reached  at  about  300  feet,  but  no 
change  in  theore  was  noted.    At  Holcomb  Valley  tlie  gold-bearing  quartz 
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and  the  placers  are  found  on  the  south  side  of  the  main  mountain  ridge. 
The  silver  and  lead  bearing  veins  are  on  the  north  slope  of  this  ridge, 
towards  the  desert  The  average,  yield  from  the  latter  is  about  $40. 
They  have  not  been  much  developed.  The  ore  from  the  Green  Lead  is 
worked  for  gold  only,  but  it  contains  some  silver  and  a  great  deal  of 
copper. 

There  was  no  work  being  done  in  the  district  at  the  time  of  our  visit, 
except  by  a  few  Spaniards  at  some  of  the  placers.  There  are  a  sawmill 
and  a  stamp-mill  here,  both  run  by  a  10-horse-power  engine.  The  stamp- 
mill  has  five  stamps  of  750  pounds  each.  A  10-stamp  mill,  without 
furnace,  would  cost,  with  transportation  and  putting  up,  about  $12,000. 
Muiing  the  ore  costs  about  $7  per  ton :  milling  the  ore,  $7  per  ton ; 
mining  labor  per  day,  $3;  milling  labor,  $3,50.  Ore  that  can  be  stoped 
by  one  man  in  one  day,  about  one  ton;  amount  that  can  be  ex- 
tracted by  one  man  in  one  day^  about  one-half  ton.  Cost  per  foot  for 
running  a  tunnel,  $8 ;  for  sinkmg  a  shaft,  $15.  Hay  costs  1 J  cents ; 
barley  4  cents.  There  are  no  facilities  for  raising  farm  produce;  present 
source  of  supply,  San  Bernardino.  There  is  plenty  of  timber  everywhere. 
Water  is  found  only  in  wells.  Number  of  inhabitants  in  the  district,  15. 
Freight  costs  2  cents  per  pound.  Game  is  scarce.  Country  roads  good. 
Principal  mining  companies  and  property  holders  are,  the  Holcomb 
Valley  Mining  Company  (limited),  London,  England;  and  the  Green 
Lead  Mining  Company,  Los  Angeles,  Cal. 

BEAR  VALLEY  DISTRICT,  SAX  BERNARDINO  COUNTY,  CALIFORNIA. 

rFrom  iiotes  by  Lieut.  WiUard  Young.] 

The  Bear  Valley  district  is  situated  immediately  east  of,  and  adjoin- 
ing the  Holcomb  Valley  district,  of  which  it  used  to  form  a  part.  It 
was  organized  in  1873,  and  since  that  time,  has  been  worked  continu- 
ously. San  Bernardino  is  the  post-office  and  general  depot  of  supply. 
It  is  distant  50  miles  by  trail  and  80  miles  by  wagon-road.  The  mining 
ledges  here,  as  at  Holcomb,  are  situated  in  canons,  along  the  foot-hills, 
and  near  the  tops  of  the  mountains.  The  veins  generally  run  with  the 
country  rock.  Wall  rock  is  granite  and  slate.  There  are  good  evidences 
of  x>6rmanent  veins.  All  the  ore  is  gold  quartz,  worked  by  the  wet  pro- 
cess, and  yields  about  $20  per  ton.  The  piincipal  mines  are  the  Gold 
Mountain,  which  has  a  shaft  of  50  feet,  and  three  tunnels,  one  of  300 
feet  and  two  of  100  feet,  each ;  the  Memphis,  worked  only  on  the  sur- 
&ce,  the  vein  being  about  600  feet  wide;  and  the  Last  Chance,  worked 
only  on  the  surface,  vein  60  feet  wide. 

A  few  years  ago  there  were  several  hundred  inhabitants  here,  and 
quite  a  flourishing  town  sprang  up.  It  is  now  pretty  nearly  deserted.  At 
present,  there  is  one  5-stanip  mill  in  working  order,  the  stamps  weigh- 
ing 350  pounds  each.  It  is  of  but  little  value,  and  cannot  work  up  more 
than  two  tons  of  ore  per  day.  Most  of  the  ore  in  the  district  is  worked 
in  arrastras,  run  either  by  horse  or  water  power.  The  ore  can  be  mined 
for  about  $3  per  ton.  Milling  costs  $10  .per  ton.  Labor,  forage,  pro- 
duce, &c.,  the  same  as  at  Holcomb  Valley.  I^^umber  of  inhabitants  in 
district,  about  thirty.  Freight  costs  2  cents ;  country  roads  good.  Deer^ 
gee&ey  and  ducks  are  the  principal  game.  There  is  a  store  in  the  town 
of  Bear  Valley,  supplying  dry  goods,  groceries,  and  provisions.  About 
$215,000  have  been  expended  by  the  Gold  Mountain  Mining  Company^ 
principally  on  the  mill,  now  burned  down,  and  in  improving  the  country 
roads.  They  have  realized  about  $30,000  in  bullion.  The  Memphis 
Company  have  expended  $3,000,  and  have  taken  out  $2,000.  The  Last 
Chance  have  expended  $2,000,  and  have  realized  $2,000. 
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LONE   VALLLEY  DISTRICT,   SAN   BERNARDINO  COUNTY,    CALIFORNIA. 

[From  notes  by  Lieut.  Willard  Young.] 

This  district  is  situated  in  tlie  raoimtains  and  hills  bordering  the  Mojave 
Desert,  near  the  San  Bernardino  Mountain,  and  lies  southeast  of  Bear 
Valley  district,  and  immediately  adjoining  it.  It  was  discovered  in  1873 
by  J.  W.  Wilson  and  J.  E.  McFee,  and  organized  the  same  year.  It  has 
been  worked  continuously  since.  It  is  distant  from  Whitewater  Station, 
on  the  Southern  Pacific  Eailroad,  by  trail  50  milo.s  and  byroad  85  miles; 
and  from  San  Bernardino,  by  road,  about  90  miles.  The  district  is  a^)- 
proximately  8  miles  long,  from  north  to  south,  by  5  miles  broad,  and 
mineral  croppings  are  found  over  nearly  the  whole  area. 

1^0  geological  investigation  lias  been  made.  The  general  trend  of  the 
mountains  in  the  vicinity  is  northwest  and  southeast;  and  the  mining 
ledges  are  found  on  either  slope.  Their  general  direction  is  parallel  to 
the  mountains,  and  they  run  with  the  country  rock,  which  dips  to  the 
southwest,  from  30^  to  40^.  No  large  leads  have  yet  been  developed. 
Wall  rock  is  granite.  The  country  rock  is  limestone  and  granite.  Tlie 
principal  ores  are  gold  quartz  and  galena,  associated  with  iron  pyrites 
and  other  siilphuret«.  Considerable  copper  is  found  at  croppings.  No 
fossils  have  been  found.  Gold  averages  from  $35  to  $40'per  ton;  silver, 
from  $35  to  $60  per  ton.  The  gold  quartz  is  worked  in  arrastras,  by  the 
wet  process.  No  silver  ores  are  being  worked.  Gold  is  present  in  all 
the  ores. 

The  principal  mines  are  the  Silver  Star,  Old  Jeff,  National,  Oro  Fino, 
White^Stockade,  Big  Blue,  Rough  and  Heady.  None  of  them  have  been 
^extensively  worked.  About  $2,000  have  been  expended  on  the  Big  Blue. 
At  some  of  the  others  shafts,  of  from  20  to  30  feet  have  been  sunk.  Two 
arrastras  are  now  being  worked.  A  small  smelting  furnace  was  estab- 
lished here  but  is  now  abandoned.  The  ore  can  be  mined  for  about  $4  i^er 
ton.  Melting  the  ore  bj-  arrastras  cost  $10  per  ton.  Labor  costs  $3  per 
day.  Cost  per  foot  for  running  a  tunnel,  from  $7  to  $10;  for  sinkings 
shaft,  $8.  Hay  costs  1  cent,  barley  3  cents.  There  are  no  faeilities  for 
raising  produce  of  any  kind.  Present  source  of  supply,  Whitewater. 
There  is  an  abundance  of  line  timber  and  plenty  of  wood.  Grass  and 
water  are  very  scarce.  Inhabitants  in  district,  10.  Price  of  freight,  2 
cents  per  pound.  Deer,  antelope,  mountain  sheep,  rabbits,  and  quail 
are  found,  but  are  not  plentiful.    Country  roads  good. 

LONE  DISTRICT,    SAN   MIGUEL  COUNTY,  NEW  MEXICO. 

[From  notes  by  Lieut.  Rogers  Birnio,  jr.] 

This  district  was  discovered  in  1870  and  organized  in  1871,  and  has 
since  been  worked  continuously.  It  is  350  miles  from  the  terminus  of 
the  Atchison,  Topeka  and  Santa  ¥6  Railroad,  via  Hot  Spring,  Cotton- 
wood Ranch,  Fcst's,  La  Parida,  Pun ta  del  Agua,  and  Anton  Chico.  The 
district  is  5  miles  square,  and*  about  1,200  acres  near  the  center  contain 
the  mineral  croppings,  with  a  trend  northeast  and .  southwest.  The 
deposits  occur  in  limestone  rock  found  crossing  cailon^  and  along  Uie 
east  side  of  the  Lone  Mountain  hills,  which  trend  nearly  north  and  south. 
The  wall  roc>k  is  nearly  perpendicular,  with  continuous  veins,  which 
have  been  eiisily  traced  to  a  depth  of  50  feet  by  shafts.  Much  of  the  ore, 
however,  has  been  taken  from  apparently  isolated  pockets.  The  ore  is 
w^orked  by  the  raw  amalgamation  process.    Assorted  ore  averages  75  to 
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0  ounces  of  silver  per  ton.  The  characteristics  of  the  ore  are  nativ^e 
liver  and  chloride,  heavy  brittle  sulphurots  in  quantity,  and  in  places 
ead,  copper,  and  iron.    Gold  occurs  in  some  of  the  mines. 

The  principal  mines  now  operated  are  Home  Ticket ;  vein  opened  12 
o  14  feet  in  depth  for  1,000  feet;  two  shafts,  20  and  48  feet,  with  some 
vater  in  the  latter,  probably  from  a  crevice.  The  vein  is  18  inches  wide, 
lark  and  light  quartz,  in  hard  red  limestone.  The  hanging:  wall  is 
reo  and  well  defined,  and  has  a  pitch  of  80^.  Pino  Carte,  recently 
)pened  on  what  seems  to  be  a  well-defined  ledge  in  limestone.  A  small 
>pening  has  yielded  ore,  producing  62  ounces  per  ton.  Bismarck, 
•ecently  opened;  two  tons  of  ore  yielded  33  ounces  each.  Eed  Lead 
las  five  shafts,  one  of  50  feet  with  a  10-foot  drift ;  not  worked  during  the 
rear.  There  are  several  smaller  mines  with  streaks  of  good  ore,  but  not 
jufficient  to  pay  for  working.  On  all  the  mines  labor  has  chiefly  been 
>erformed  by  the  owners.  About  250  tons  of  ore  was  worked  at  the 
nines  during  the  year,  averaging  about  100  ounces  per  ton. 

There  is  one  mill  with  an  engine  of  25-horse  power,  4  stamps  of  500 
>ounds, 2  ordinary  arrastras  for  grinding  pulp,  and  2  amalgamating  pans, 
)ld  Varney  patterns ;  capacity,  3  tons  in  24  iiours. 

Georgetown  ore  is  worked  at  this  mill,  averaging  150  ounces  per  ton-; 
md  Lone  Mountain  ore,  averaging  100  ounces  per  ton,  the  charges  being 
J20  to  $25  per  ton.  The  superintendent  of  the  mill  claims  that  grinding 
>y  arrastras  saves  15  per  cent,  over  iron  ])ans.  As  most  of  th^  work  is 
lone  by  the  mine  owners,  no  prices  of  labor  are  determined.  13ut  little 
and  in  the  district  is  tillable.  Hay  is  $20  per  ton,  and  grain  2J  cents 
)er  pound.  There  are  a  few  small  springs  and  a  small  stream  in  the 
listrict.  Wood  has  to  be  brought  9  miles.  Freight  costs  4  cents  from 
he  railroad  and  3  cents  back.  The  roads  are  excellent.  The  district 
ontains  38  inhabitiints  and  about  500  head  of  stock.  There  is  good 
,^razing. 

CHLOUIDE   DISTRICT,    SILVKK   CITY,    NEW  MEXICO. 

[From  notes  by  Lieut.  Rogers  Biriiic,  jr.] 

Tliis  district  was  discovered  and  organized  June  3,  1870,  by  John  and 
Tames  Bullard,  E.  Necks,  and  John  Swisshelm.  It  has  been  worked 
continuously,  although  with  decreased  activity,  since  1875.  It  is  situated 
il>out  500  miles  from  Trinidad,  the  terminus  of  the  railroad.  The  dis- 
rict  was  examined  geologically  by  Dr.  O.  Lew,  of  this  expedition,  in 
L873. 

Tlie  country  rock  is  very  much  broken.  Slate  and  limestone  jnedoni- 
nate,  with  an  oc*casional  dike  of  igneous  rock.  The  slate  is  usually 
mrren,  the  ore  occurring  in  streaks  in  limestone,  being  richest  near  line 
)f  contact  with  the  slate.  It  is  doubtful  if  true  veins  exist,  those  being 
bund  chiefly  in  pockets.  Ko  fossils.  The  smelting  ])rocess  failed  be- 
cause of  the  ])redominance  of  chloride,  as  also  did  roasting.  The  amal- 
gamation wet  process  is  now  emi)loyed.  The  ore  contains  much  base 
netal,  and  the  workings  have  saved  only  about  GO  per  cent,  of  value. 
The  ore  has  not  been  weighed,  but  during  the  past  year  the  Bremen 
nill  has  run  about  485  tons  from  the  *"7C"  mines,  the  .average  working 
)eing  45  ounces  to  the  ton.  The  ores  are  chiefly  chlorides,  together  witli 
)lack  sulphurets  and  some  native  silver.  There  is  probably  a  small 
imount  of  bromine  copper;  also  lead,  antimony,  and  iron.  The  vein 
natter  is  feldspar  mixed  with  ores.  The  ores  contain  no  gold.  The 
)rincipal  mines  are  the  '76,  Two  Ikes,  New  Issue,  Bepublicau,  and  li. 
S.  Lee. 
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The  '76  mine  has  several  shafts  sunk  through  a  bed  of  slate,  uuder 
which  the  ore  occurs  in  beds  and  pockets. 

The  Providence  is  of  the  same  class.  The  Two  Ikes  has  been  but  little 
worked  since  1875 ;  one  shaft  is  sunk  135  feet  with  driftings.  An  attempt 
to  work  this  mine  was  made  within  a  year,  but  failed  to  pay.  $351,000 
have  been  taken  from  this  mine ;  expenses,  $121,000.  The  New  Issue  has 
been  idle  for  three  years ;  but  within  six  months  a  few  tons  of  ore  have  been 
extracted,  giving  109  ounces  to  the  ton.  The  Republican  has  three  shafts, 
125,  35,  and  48  feet;  no  drifts.  Accurate  information  as  to  the  amount 
expended  in  developments  could  not  be  obtained.  The  Bremen  Mill  has  a 
25-horse-power  engine,  10  stamps,  10  Varney  pans,  4  settlers.  The  Pope 
Mill  has  been  idle  for  two  years ;  it  was  run  at  a  loss. 

The  average  cost  per  ton  for  mining  ore  is  $7;  for  roasting  and  mill- 
ing, $12;  for  mining  labor  per  day,  Mexican,  $2;  American,  $3.  But 
little  stoping  is  done.  Amount  of  ore  that  can  be  extracted  by  one  man 
per  day,  one-half  ton;  average  cost  per  foot  for  running  a  tunnel,  $7;  for 
sinking  a  shaft,  $9 ;  for  running  a  drift,  $7.  Hay  is  most  abundant, 
and  easily  obtained  from  the  adjacent  plains ;  price  per  ton,  $15;  grain, 
2 J  to  3  cents  per  pound.  There  are  5,000  to  6,000  acres  of  cultivable 
land  on  Mimbres  and  Gila  Eivers  within  one  day's  journey  of  town. 
Timber  is  at  present  obtained  from  Burro  Mountains.  Timber  is  worth 
$35  per  thousand  at  mill;  shingles,  $5;  laths,  $9.  At  present  rate  of 
consumption,  timber  will  last  four  years  longer.  Water  is  readily  ob- 
tainable from  wells  15  feet  deep;  the  San  Vincente  spring  in  the  to^^l 
runs  35  inches. 

MIMBRES   SILVER   MINING  DISTRICT,  NEW  MEXICO. 

[From  notes  by  Lieut.  Rogers  Birnie,  jr.] 

Discovered  and  organized  by  James  D.  Fresh  April-June,  1873.  It 
has  been  worked  continuously.  It  is  distant  from  Trinidad  525  miles. 
The  district  covers  an  area  of  3  miles  extending  northeast  and  south- 
west. Geological  investigations  have  been  made  by  C.  W.  Irish,  Iowa 
City,  Iowa.  The  ledges  are  on  the  southeastern  slopes  of  the  Parapet 
Mountains.  The  deposits  are  in  chimneys  in  limestone  with  frequent 
branches.  The  pockets  occur  very  irregularly,  the  richest  ores  gener- 
ally in  vicinity  of  granite  dikes.  No  real  fissure  veins  can  be  traced. 
!No  fossils  have  been  found  in  the  ore-bearing  limestone ;  in  the  Ume- 
stone  cappings  of  the  hills  many  occur.  The  ores  are  worked  by  the 
free  amalgamation  process,  one  ton  yielding  150  ounces.  They  occiu*  as 
chlorides,  sulphurets  of  silver,  and  as  carbonates.  Iron,  antimony,  and 
arsenic  occur  in  small  proportions.  No  gold  is  found.  Water  has  not 
been  reached.  The  principal  mines  are :  1.  McGregor,  with  12  shafts, 
averaging  50  feet  each,  and  2,5(X)  feet  of  drifts;  2.  Commercial,  with  10 
shafts  of  50  feet  each  and  3,000  feet  of  drifts ;  3.  McNulty ;  4.  Naiad 
Queen,  with  3  shafts  aggregating  335  feet  and  connecting  drifts ;  $600,000 
have  been  ex|)ended  in  develoi)ments,  all  of  which  has  been  drawn  from 
the  mines.    The  camp  has  yielded  $800,000. 

There  are  two  mills  in  the  district.  The  Mimbres  Mining  and  Eediie- 
tion  Works  is  situated  on  Mimbres  River,  3  miles  from  Georgetown,  and 
is  run  by  water-power.  It  has  1  Blake  crusher,  capacity  25  tons  per 
day;  5  stamps,  capacity  4  tons  per  day;  3  settlers  and  2  arasfras.  The 
capacity  of  this  mill  is  soon  to  be  materially  increased. 

Meredith's  mill,  on  the  Mimbres,  is  also  run  by  water-power.  It  has 
no  crusher;  it  has  3  stamps.    Capacity  of  mill,  2J  tons  per  day.    Cost 
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of  a  lO-stamp  mill,  without  roasting;  furnace,  $15,000.  Average  cost  of 
mining  ore  per  ton,  $40 ;  for  roasting  and  milling  per  ton,  including 
transportation  to  mill,  $30 ;  average  mining  labor  per  day,  $3 ;  average 
amount  of  ore  that  can  be  extracted  by  one  man  per  day,  one-twelfth  of 
a  ton  (200  pounds) ;  average  cost  per  foot  for  running  a  tunnel,  $12  per 
foot ;  for  sinking  a  shaft,  $7.50  per  foot ;  for  running  a  drift,  $12.  Hay 
costs  $20  per  ton.  There  are  about  5,000  acres  of  tillable  land  on  Mim- 
bres;  stock  facilities  are  excellent.  A  good  supply  of  timber  is  found 
within  12  miles ;  wood  abundant.  Willow  Spring  in  the  town  runs  4  or 
5  inches  of  water,  and,  by  digging,  its  capacity  can  probably  be  doubled. 
There  are  500  inhabitants  in  the  district,  the  mines  afibrding  employ- 
ment to  100  men.  Four  stages  a  week  run  to  Silver  City.  Inward 
freight  costs  4  cents  per  pound ;  outward,  3  cents.    There  are  3  stores, 

1  school-house,  1  banking  house ;  100  head  draught  animals,  1,200  cattle, 
and  2,000  sheep  and  goats  sum  up  the  stock  in  the  vicinity.  Bear,  deer, 
and  quail  are  found.  The  country  roads  are  good.  There  are  no  Indians 
in  the  district. 

PINOS  ALTOS  DISTRICT,  GRANT  COUNTY,  NEW  MEXICO. 

[From  notes  by  Lieut.  Rogers  Bimie,  jr.] 

This  district  was  discovered  and  organized  July,  1859,  by  Isa  Langs- 
ton,  Captain  Snively,  and  Mr.  Birch.  It  has  been  worked  continuously, 
but  much  less  actively,  since  the  winter  of  1866.  An  area  of  about  3 
miles  square  is  covered  by  the  outcroppings.  Geological  investigations 
have  been  made  by  ^oss  Brown ;  no  special  surveys  obtainable. 

The  general  direction  of  the  lodes  is  north  and  south,  and  conforms  to 
country  rock.  Uniformly  low-grade  ores  are  found  in  granite,  the  rich- 
est near  junction  of  slate  and  granite ;  there  are  some  rich  deposits  of 
gold  in  slate.  Pyrites  is  met  with  in  varying  quantities ;  free  gold  is 
found  with  it.  There  are  five  old  and  well  developed  and  apparently 
genuine  fissure  veins.  The  vein  matter  is  usually  inclosed  by  talc.  The 
dip  is  nearly  uniform  (to  west)  from  75°  to  82^.  Granite,  quartzite,  and 
slate  constitute  the  country  rock.  No  fossils  are  found.  The  ores  are 
worked  by  arastra  process  and  only  for  free  gold.  A  large  quantity 
from  Pacific  mines  Kos.  1  and  2  is  said  to  have  yielded  an  average  of  $40 
to  the  ton.  The  Mina  Grande  about  $8  per  ton ;  but  the  latter  ore  is 
free  from  metals  and  pays  best  to  work.  Water  is  reached  in  Pacific 
mines  about  300  feet  from  summit  of  hill ;  ore  changes  to  pyrites.  No 
water  in  Atlantic,  which  is  sunk  125  feet. 

Atlantic  and  Mina  Grande  ore  contains  a  little  iron  and  silver ;  Pa- 
cific contains  iron  pyrites  in  quantity,  copper,  carbonate  and  chloride  of 
silver,  iron,  and  probably  some  zinc.  In  the  Langston  silver  predomi- 
nates, and  assays  give  $100  te  the  ten.  All  the  above  are  worked  only 
for  gold.  The  principal  mines  are:  1.  Atlantic  with  1  tunnel  300  feet ; 
4  shafts  125  feet,  100  feet,  80  feet,  80  feet,  and  surface  worked  15  to  20 
feet  for  about  a  mile.    2.  Mina  Grande  with  1  tunnel  45  feet  long; 

2  shafts  aggregating  250  feet,  and  surface  worked  10  or  12  feet  for 
about  700  feet.  3.  Pacific  No.  1 ;  2  tunnels  700  feet  and  75  feet ;  12 
shafts  aggregating  800  feet ;  surface  worked  12  to  15  feet  for  about  900 
feet.  4.  Pacific  No.  2 ;  tunnel  now  being  run  is  186  feet;  6  shafts  aggre- 
gating 480  feet ;  surface  worked  15  feet  for  300  feet.  5.  Langston ;  tun- 
nel 5(K)  feet  long ;  2  shafts  60  feet  each.  6.  Arizona ;  tunnel  200  feet 
long ;  4  shafts  aggregating  300  feet.  7.  A  number  of  narrow  seams, 
many  of  which  have  proved  rich.    8.  A  number  of  placer  diggings  on 
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bo  til  north  and  south  slopes  of  Piuos  Altos  Peak,  As  to  amount  ex- 
pended in  developments,  no  strictly  reliable  figures  could  be  obtained ; 
the  following  estimates  were  given : 

Expended.    Extracted. 

Pacific  No.  1 : $250,000  $125,000 

Pacific  No.  2 75,000  25,000 

Arizona \ 60,000  20,000 

Atlantic 40,000  20,000 

Mina  Grande 4,000  10,000 

Unnamed  veins 250,000 

There  are  3  mills  with  one  15  and  two  25  horsepower  engines,  besides 
some  15  arrastras.  A  10  stamp  mill  costs  $15,000;  an  oiSinary  smelt- 
ing furnace,  $2,000;  average  cost  per  ton  for  mining  ore,  $5 ;  for  roast- 
ing and  milling,  $5 ;  of  mining  labor  per  diem,  $2;  of  milling  labor  per 
diem,  $1.50;  average  amount  of  ore  that  can  be  stoped  by  one  man  in 
a  day,  one-half  ton ;  average  amount  that  can  be  extra<5ted  by  one  man 
in  a  day,  one-half  ton;  average  cost  per  foot  for  running  a  tunnel  on 
main  veins,  $2 ;  for  sinking  a  shaft  on  main  vein,  $2 ;  for  running  a  drift 
on  main  vein,  $2.50.     Shafts  and  drifts  should  be  run  in  vein  matter. 

There  is  plenty  of  hay  in  the  vicinity,  price  $10  i)er  ton ;  grain  2  cents 
per  pound.    The  amount  of  agricultural  land  is  small.    Vegetables  are 
raised  without  irrigation.    Timber  and  wood  are  abundant  and  near  at* 
hand.    There  is  sufficient  water  for  milling  and  stock-raising  pui-poses, 
but  not  for  placer  mining  except  during  a  few  months  of  the  year. 

There  are  300  inhabitants  in  the  district,  1  school-house,  and  3  stores. 
There  is  but  a  limited  amount  of  stock.  Deer,  bear,  tm-keys,  and  quail 
are  found.  The  roads  are  good.  Freight  covsts  $4  per  hundred;  back 
freight,  $2.50.  The  Apa<;he8  were  very  troublesome  from  18G0  to  1805, 
and  have  killed  probably  40  men.  No  depredations  have  been  commit- 
ted since  1874 ;  none  now  living  in  the  vicinity. 

Placer  mining, — There  are  a  number  of  placer  diggings  on  nortli  and 
south  slopes  of  Piuos  Altos  Creek.  Work  is  mostly  confined  to  the 
months  of  June,  July,  and  August  (the  rainy  season).  About  15  men 
are  now  at  woik,  using  cradles  in  the  dry  season.  The  average  per  day 
per  man  is  $2 ;  $300,000  is  the  estimated  profit  from  the  placers. 

1^8  ANIMAS  DISTRICT,    COLOUADO. 

[From  notes  by  Louis  Xoll.] 

This  district  was  discovered  and  organized  by  David  Shitsel,  May  22, 
1877.  It  is  distant  from  Trinidjid  428^  miles.  No  geological  investiga- 
tions have  been  made.  The  district  is  situated  in  the  foot-hills  of  tlie 
Mimbres  Mountains,  and  is  about  five  miles  square;  general  direction 
of  the  lode  northeast  and  southwest.  The  country  rock  is  granite;  no 
fossils  found.  The  ore  contains  free  gold,  is  worked  by  the  free  jmicess, 
and  yields  from  $20  to  $35  per  ton  ;  ba^se  metals,  copper  and  iron.  Water 
is  reached  in  some  of  the  mines  at  a  depth  of  from  40  to  60  feet. 

The  principal  mines  are  the  Snake,  Golden  King  and  Extension, 
Weeks  Extension,  Bobtail,  Eed  Jacket,  Yellow  Jacket,  Argosy,  Eldo- 
rado and  three  extensions.  From  the  Snake  about  $4,500  (in  oi  e  on  dump) 
has  been  extracted ;  the  same  from  the  Bobtail.  Some  $20,000  worth 
of  ore  has  been  taken  from  the  district  in  seven  months.  A  Hillsboro 
mill  was  en  route,  and  expected  to  be  in  operation  by  January,  1879. 
Average  cost  per  ton  for  mining  ore,  $5;  for  milling,  $10;  for  niiuiug 
labor  per  day,  $2.50 ;  average  amount  of  ore  that  can  be  stoped  by  one 
man  in  one  day,  one  ton ;  average  amount  that  can  be  extracted  by  one 
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in  one  day,  about  one-balf  ton ;  average  cost  per  foot  for  running  a 
}1  on  main  vein,  $4;  average  cost  per  foot  for  sinking  a  shaft  on 
vein,  $5 ;  average  cost  per  foot  for  running  a  drift  on  main  vein, 
.  Shafts  and  drifts  should  be  run  in  vein  matter, 
ere  is  abundance  of  grazing  and  plenty  of  water.  Timber  is  abun- 
10  miles  jfrom  the  town.  There  are  about  300  inhabitants,  includ- 
lexicans.  There  are  20,000  head  of  stock  in  the  vicinity,  including 
),  cattle,  and  horses — ^principally  sheep.  The  country  roads  are 
poor.  The  route  in  use  follows  up  the  bed  of  Animas  Eiver,  and  is 
ct  to  "vash-outs."  Freight  costs  3  to  4  cents;  stage  fare  from 
►ad,  $80.  Deer,  antelope,  bear,  rabbits,  turkeys,  ducks,  and  geeso 
mnd. 

AZTEC  AND  MORENO  DISTRICTS,   COLFAX  COUNTY,   NEW  MEXICO. 

[From  notes  by  Prof.  J.  J.  Stevenson.] 

e  Aztec  mining  district,  organized  in  1869,  was  visited  in  1876  by 
3onkling,  of  this  expedition.  But  little  change  has  taken  place  since 
isit.  A  few  new  mines  have  been  opened,  but  the  productiveness 
e  district  has  not  been  increased  materially, 
e  Moreno  district,  organized  in  1869,  embraces  a  part  of  the  Mo- 
Valley  between  the  mouth  of  the  creek  and  Elizabethtown,  and 
les  to  the  crest  of  Old  Baldy  Mountain,  so  as  to  join  the  Aztec  dis- 
Placer  mining  alone  is  carried  on  in  this  district,  but  the  lack  of 
r  prevents  it  from  attaining  much  importance,  although  the  gravels 
ery  rich. 

th  of  these  districts  are  easily  reached  by  way  of  an  excellent  road 
ng  up  Cimarron  Creek  from  Cimarron,  and  are  on  the  direct  road 
that  place  to  Taos.  Wood  and  grass  are  abundant,  and  good  crops 
[  the  ordinary  grains  can  be  raised  within  the  Aztec  district.  The 
no  district  lies  too  high  for  successful  farming,  though  very  near 
ead  of  Cimarron  Canon  wheat  and  barley  have  matured. 

LOS  CERILLOS  MINES,    SANTA  FE  DISTRICT,   NEW  MEXICO. 

[From  notes  by  Prof.  J.  J.  Stevenson.] 

J  Cerillos  are  irregular  hills,  perhaps  20  miles  west  of  south  from 
%  Y6.  Many  years  ago  the  Spanish  residents  worked  some  silver 
3  there,  but  they  could  not  have  been  very  profitable,  as  the  w^ork- 
are  not  extensive.  The  region  became  the  object  of  attention  dur- 
879,  and  a  large  number  of  miners  flocked  to  it.  When  visited  in 
of  1879  it  had  many  prospecting  shafts  var>  ing  from  20  to  50  feet 
pth ;  but  the  ore  streaks  were  very  thin  and  the  pro8i)ects  not  alto- 
ir  such  as  to  satisfy  any  but  a  visionary  miner.  The  ore  is  galena, 
ing  silver.  Some  of  the  assays  show  ore  of  fabulous  richness, 
e  region  is  arid  and  no  good  water  has  been  obtained  in  the  hills. 
eT  is  plenty  but  the  grazing  is  poor. 

PLACER  DISTRICTS,   SANTA  FE   COUNTY,   NEW  MEXICO. 

[From  notes  by  Prof.  J.  J.  Stevenson,] 

e  Placer  districts  of  the  Placer  Mountains  are  about  25  and  35 

;,  respectively,  distant  from  Santa  F^  in  a  west  of  south  direction. 

was  discovereil  in  the  Old  Placer  during  1828,  and  the  gravels  have 
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been  worked  ever  since.  The  !New  Placer  was  discovered  at  a  somewhat 
later  time.  Water  is  scarce  at  both  placers,  and  but  little  work  can  be 
done. 

Quartz  mining  is  carried  on  in  a  small  way  at  the  Old  Placer.  The 
iNew  Mexican  Mining  Company  erected  a  20-stamp  mill,  but  it  is  not  in 
operation.  Several  lodes  have  been  oi>ened  here,  but  they  are  irregular 
in  thickness  as  well  as  quality.    The  New  Placer  was  not  examined. 

In  the  vicinity  of  the  placers  water  and  grass  are  by  no  means  abun- 
dant, but  timber  present  for  all  necessities. 

NATURAL  HISTORY  (U^CLUDING  GEOLOGY,  ZOOLOGY,  &C.). 

Prof.  John  J.  Stevenson  submits  a  preliminary  report  (Appendix  K) 
of  his  examinations  made  along  the  mountain  ranges  southward  from  the 
Spanish  Peaks  in  Colorado,  and  between  the  Eio  Grande  and  the  plains 
as  far  as  the  latitude  of  Santa  Fe,  lying  mostly  in  atlas-sheets  70  A  and 
70  C.  He  was  assisted  by  Mr.  I.  C.  Eussell,  and  the  labors  of  the  season 
proved  distinctly  satisfactory,  both  as  regarus  geological  data  and  in  the 
collections  of  rocks  and  fossUs.  Twenty-six  distinct  coal  horizons  or  heds 
from  Trinidad  to  the  south  were  noted,  their  order  of  succession  distin- 
guished, and  the  complicat/Cd  axes  of  several  mountain  ridges  determined 
Eesuming  his  labors  in  May  of  this  year,  he  reviewed  certain  i>oints  of 
the  field,  and  carried  his  examinations  to  the  southern  end  of  the  Santa 
Fe  axis,  near  Galisteo  Creek. 

Mr.  H.  W.  Henshaw  presents  an  ornithological  report  (Appendix  L) 
upon  regions  traversed  in  1876, 1877,  and  1878,  in  portions  of  Califomia, 
Nevada,  and  Oregon,  as  far  to  the  northward  as  the  Columbia  Eiver. 

The  following  collections  in  natural  history  were  made  during  the  sea- 
son: 

Mammals specimens..     8 

Mammals  (alcoholic) do 3 

Mammal  crania 1 

Bird  skins 243 

Bird  crania  and  sterna 7 

Birds^  eggs • »...    12 


Fishes S  specimens 


2U0 

lots 12 

25 


Snakes iJte.""!^;:    16 

Lizards i  iSS"!!?!!!;!  ^ 

Batrachians |  iSS"?!?!?!:;    U 

Hemipt^a lot 1 

Orthoptera |  lJto!!°*?!:;  *6 

sheus ji^!!"!!!::  « 

Crustaceans |  l^Ti^!"!"    " 

Fossil  leaves specimens..   72 

The  list  of  specimens  forwarded  during  the  year  to  the  Smithsonian 
Institution  to  be  deposited  in  the  FationS  Museum  is  herewith  : 

Bird  skins 361 

Birds'  eggs 738 

Birds'  nests 15 

Mammal  skins IC 

Snakes ^ 

Lizards 1^ 
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rchians 12 

^ -Mots 35 

.ptcra  (alcoholic) ilote*!?!?!"       ^ 

.ptera(piimea) |  iJte'"'^''^'"       ^^ 

.                                                                                                        >  specimens..  1 

^^^^^^  I  lots 3 

N  speclmena..  50 
Mots 11 

aceans    specimens..         12 

>  lots 1 

\  specimens . .       100 

* ilots 2 

tebratc  fossils specimens. .  2, 159 

\,  approximated 2, 494 

als,  ores,  &c.,  approximated .• 1, 993 

SPECIMENS  FORWARDED  TO   ARMY   MEDICAL  MUSEUM. 

m  crania  1 

iterna 5 

^ania 5 

nal  crania 2 

olic  mammals lots. .  5 

PUBLICATIONS. 

le  folio wiug  maps  have  been  fioislied  during  the  yetir,  and  will  app^r 

the  extra  copies  asked  for  of  this  report,  viz : 
ogress  map  for  1879  and  seven  regular  atlas-sheets  in  hachures, 

land  classification  color  added,  Nos.  32  D,  47  B,  47  D,  61  D,  73  A, 
,  and  84  B.  Volume  VL  Botany,  has  issued  from  the  Government 
ting  Office,  and  Volume  VII  is  passing  through  the  various  stages 
roof,  preparatory  to  stereotyping.  Two  thousand  extra  copies  of 
Annual  Beport  of  1878  from  this  office  (Appendix  I^^  N,  Annual  Ee- 
Chief  of  Eugineers)  have  been  published,  accompauied  by  ten  sepa- 
y  bound  atlas-sheets. 
le  following  lists  show  the  condition  of  reports  add  maps  to  date: 

BEPOETS  (PUBLISHED). 

Quartos. 

»lume     II.  Astronomy  and  Barometric  Hypsometry. 

>lume  III.  Geology. 

>lume   IV.  Paleontology. 

>lume     V.  Zoology. 

►lume   VI.  Botany. 

dume  VII.  Archaeology  (in  hands  of  printer). 

Annuals, 

(Separate  from  Report  of  Chief  of  Engineers.) 
73,  1874,  1875,  187(5,  1877,  1878. 

Miscellaneous, 

(Quarto,  octavo,  and  pamphlet.) 

vo  preliminary  reports,  1869  (one  octavo  and  one  quarto). 
'eliminary  report,  1871  (quarto). 
t>gress  report,  1872  (quarto). 
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Camps  and  distances,  1871  (oblong  folio). 

Camps  and  distances,  1872  (quarto), 

Astronomical  repoit,  1874  (quarto). 

Star  catalogue  (quarto). 

List  of  latitudes  and  longitudes  (extract  from  Volume  II). 

Vertebrate  fossils  of  New  Mexico  (pamphlet). 

Catalogue  of  vertebrates  of  New  Mexico  (pamphlet). 

Invertebrate  fossils  (pamphlet). 

Catalogue  of  plants  (octavo). 

Ornithological  specimens  (octavo). 

Meteorological  instructions  (octavo). 

Barometric  hypsometry  instructions  (octavo). 

Field  lists  of  stars  (pamphlet). 

Logarithm,  traverse,  and  altitude  tfibles  (pamphlet). 

IN   COURSE   OF  PUBLICATION. 

Volume  I,  Geographical  report  (quarto). 
Geographical  positions,  distances,  &c. 

Note. — It  is  intended  to  snbmit  dnring  the  coming  year  the  tuial  report  of  Prof 
John  J.  Stevenson  npon  the  result  of  his  geological  investigations  of  1878  and  1879, 
and  also  his  examinations  of  the  coal  beds  of  Eastern  Colorado  and  New  Mexico.  This 
report  is  accompanied  by  a  number  of  cuts,  profiles,  and  maps,  and  will  reijnirf  ron- 
siaerable  time  and  <'xpense  for  its  complete*  production. 


MAPS   (PUBLISHED). 

Tapographical. 

Three  sheets  of  conventional  signs  for  (1)  plotting  and  for  final  maps 
in  (2)  hachures;  and  (3)  crayon  hill  shading. 

Sheet  of  that  portion  of  the  United  States  lying  west  of  the  lOOth 
meridian,  showing  ninety -five  numbered  rectangular  divisions,  each  to 
appear  as  separately  numbered  atlas-sheets,  indicating  the  progress  of 
the  survey.     (PubUshed  for  the  years  1872-'73-'74-'75-'76-'77-'78-'79.) 

Drainage  sheet,  showing  by  colors  the  area  of  drainage  to  the  Atlantic 
and  Pacific  Oceans  and  the  interior  basins  of  the  territory  of  the  United 
States  west  of  the  Mississippi.     Sc^.le,  1 :  6000000. 

Geologieah 

Index  sheet,  showing  the  general  topographical  features  and  the  rec 
tangular  divisions  from  Nos.  1  to  95. 

Special  sheet,  embraeing  portions  of  Western  Utah  and  Eastern  Ne- 
vada, representing  the  location  of  an  ancient  fresh-water  lake,  which  in- 
cluded the  region  of  Great  Salt,  Sevier,  and  Utah  Lakes.  Scale,  1  inch 
to  17  miles. 

Special, 

Reconnaisance  map  of  parts  of  Nevada  and  Arizona.  Scale,  1  in<^^ 
to  12  miles,  or  1 :  760320. 

Map  of  the  Grand  Canon  of  the  Colorado,  expedition  of  1871.  Scale. 
1  inch  to  6  miles,  or  1:  380160.     (To  accompany  Vol.  I.) 

Topographical  map  of  the  vicinity  of  the  Comstock  lode  inthe  Wadi<>^ 
mining  region,  Nevada:  area,  119  square  miles;  scale,  1  inch  to  1,5^ 
feet,  or  1 :  18,000. 
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RKCAPITULATION. 

1  atlfui-sbetiU  ^ubliAliod 28>> 

ward  completion  and  to  a<'.company  extm  copien  of  the  annual  report  of  this  office 

5 

ation  sheets  published  21 

eots  published 7 

61. 

MAPS   (UNPUBLISHED). 

Geological, 

V  map  of  Ely  mining  district,  Southern  Nevada.  1  inch  =  12^ 
tlas-sheets,  61  B,  01  C,  70  A,  and  70  C,  also  52  D,  in  wbick 
I  work  is  necessary. 

Special, 

portions  of  Eastern  California  and  Western  Nevada,  the  Lake 
,?ion  of  the  Sierra  Nev^ada;  area,  2,232  square  miles;  scale,  1 
mile,  or  1 :  G33G0. 

Salt  Lake  and  vicinity,  area  5,719.8  square  miles,  plotted  oife 
.  inch  to  2  miles  (more  field  work  required). 
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CONCLUSION  AND  ESTIMATES. 

On  December  10,  1878,  at  the  request  of  the  Chief  of  Engineers.  1 
submitted  a  memorandum  exhibiting  the  extent,  the  methods,  and  tne 
cost  of  the  survey  under  my  charge,  and  an  approximate  estimate  of  the 
cost  of  completing  it.  This  appeared  as  inclosure  No.  3  to  Senate  Ex. 
Doc.  No.  21,  Forty-fifth  Congress,  third  session,' extracts  from  which  are 

herewith : 

#  *  S'  *  #  #  *• 

The  survey  at  present  is  carried  ou  at  an  average  cost  somewhat  exteedintj ^2 \m 
square  uiiU*,  and  maps  of  a  scale  of  1  inch  to  4  miles  result. 

If  laud  classification  is  to  be  included,  not  le«s  than  ^2.5U  per  square  mih-  should  be 
estimated.  *  If  a  tri angulation  of  a  liigher  order  of  accuracy  should  be  required,  the 
cost  of  making  the  same  would  not  be  h'^s  tliau  $10  per  s(iuare  mile.  Such  triaugulatioD. 
however,  should  not  be  entered  upon  until  the  information  gained  during  the  pro^^ressof 
the  triangulations  of  the  grades  now  used  to  establish  check  data  for  a  map  of  1  inclit^* 
4  miles  is  sufficient  to  point  the  way.  The  selection  of  stations  for  the  most  ]»erl*ect8et 
of  triangles  covering  this  entire  area  can  only  be  made  with  a  proper  degree  of  intelli- 
g^ence  after  the  marked  topographical  points  have  been  occupied  as  triangiilation  sta- 
tions^ and  observed  at  with  tiie  degree  of  accuracy  now  required. 

It  IS  thought  that  the  amount  of  $2,039,522.50  is  the  minimum  of  expense  that  should 
be  anticipated  for  the  completion  of  the  survey  reciuired  for  a  t(q>ographicnl  mny  on  a 

scale  of  1  inch  to  4  miles. 

»  »  «  *  *f  *  ^ 

Since  it  ai^pearsthat  the  interior  topographical  surveys  on  the  Eiu*opean  coutiueut 
have  cost,  as  in  the  case  of  Prussia,  $65  per  square  mile  as  a  minimum,  and  in  Eughind 
$190  per  square  mile  for  its  ordnance  survey,  it  can  be  readily  seen  how  nmch  skill 
and  judgment  should  be  displayed  in  the  detailed  plans  for  all  branches  of  the  field 
and  office  work  ;  how  much  prudence  in  the  administration  and  facility  in  the  execu- 
tion of  so  important  a  trust  as  the  prosecution  of  a  connected  topographical  survey  of 
large  interior  areas. 

The  best  distriliution  of  the  amount  of,  approximately,  $2,000,000  of  appropriation 
would  be  over  an  interval  of  fifteen  j^ears,  somewhat  as  follows: 

Three  years,  $120,000 ; s:J60,000 

Three  years,    125,000 :I75,000 

Three  years,    135,000 405,000 

Three  years,    140,000 420,000 

Three  years,    150,000 450,000 

Total 2.010,000 

Larger  amounts  could  not  be  used  with  a  due  regard  to  economy,  because  of  tht^ 
want  of  skilled  assistants.  The  number  of  really  effective  working  parties  can  he  but 
slowly  increased,  since  a  special  field  training  is  req  uisite  to  perfection  in  the  applica- 
tion'of  the  methods. 

The  plan  now  pursued  in  the  topographical  surveys  west  of  the  100th  meridian  is  to 
confine  the  parties  engaged  in  field-work  to  a  part  or  all  of  oite  of  the  ixH'tangular 
divisions  of  the  area,  of  which  there  are  ninety -five,  as  shown  upon  the  progress  map- 

Each  of  these  divisions,  when  represented  upon  a  scale  of  1  inch  to  4  miles,  requires 
four  sheets  of  19  x  24  inches.  The  secant-conic  projection  employed,  the  coordinates 
of  which  are  the  result  of  original  comiiutations  at  the  office  of  the  survey,  admits  of 
the  conjoining  of  the  sheets,  and  demands  unifonuity  in  size  as  a  prerequisite.  Th*" 
approximate  size  of  the  area  embraced  in  the  average  atlas-sheet  is  150  miles  in  longi- 
tude by  120  miles  in  latitude,  or  in  square  miles,  approximatelv,  18,000,  corresponding 
11,520,000  acres. 

The  final  topographical  sheets  reine.sent  mountain  forms  l»y  ha<huies  alone,  or  by  » 
combination  of  hachures  and  contours. 

The  land  classification,  including  arable  and  arid,  timber  and  grazing,  together 
with  marked  outcrops  of  precious  and  economic  minerals,  is  similar  to  the  expres.sioD 
of  geological  formation  shown  upon  the  topographical  sheets  in  colore  (see  Annual 
Report  Chief  of  Engineers,  1878,  Appendix  N  N,  p.  1439). 

The  land  classification,  as  well  as  the  topographical  map,  should  finally  be  luade 
complete  for  the  entire  area.  The  government  will  then  bec(mie  poss«*ssed  of  sutticieiit 
data  by  means  of  which  to  define  by  law  a  new  disposition  of  its  lands  to  settlers. 

The  main  portion  of  the  work  is  in  advance  of  the  subdivisions  of  the  jnihlie  lands 
for  the  purposesof  occupancy  and  sale  ;  still,  connection  may  be  had  with  the  meridian, 
base,  nn<l  township  lines  of  these  surveys,  and  the  true  longitude  and  latitude  of  at 
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tone  giveu  township  comer  to  each  comity  may  be  furuished  the  Geueral'Land 
^  as  a  check.  The  law  might  recognize  the  use  of  thewo  points  geodetically  deter- 
Bd  as  proper  checks  in  the  land-parcelling  surveys. 

lie  gauging  of  streams  at  marked  points  of  their  How  is  now  going  on,  and  there 
lid  IX'  added  the  requirement  of  connecting  by  levels  of  precision  sub-basins  of 
Bage,  thus  to  determine  series  of  datum  points  to  wliich  to  refer  the  profiles  of  the 
^ting  channels,  when  the  same  may  be  constructed. 

sthe  scale  of  the  map  of  the  public  domain  may  be  directed  to  be  increased  at  any 
i  by  Congress,  it  must  be  und<*rstood  that  a  pro  rata  increase.^  of  expense  will  ensue, 
iccount  of  more  details  as  to  triangulation,  and  for  minor  tojuigraphical  measure- 
its.  At  present  more  detailed  topographical  data  is  being  secured  at  prominent 
ing  districts,  and  in  the  more  thickly  settled  areas,  and  at  a  cost  for  actually  occu- 
l  square  miles  greater  than  that  herein  shown.  The  field-record  forms  and  conipu- 
on  blanks  in  use  by  the  survey  have  been  adopted,  after  much  <leliberation  and 
•thought,  and  exceed  thirty  in  nimiber.  A  manual  of  meteorological  observations 
been  issued,  and  one  for  the*  geodetic  and  topographical  observations  and  reduc- 
is  is  being  x^repared. 

n  adequate  appropriation  will  twlmit  of  winter  and  summer  parties,  thus  k«»eping 
ermanent  expedition  in  the  field  until  the  whole  area  is  covered. 
lie  pa-soum  I  engaged  includes  officers  of  the  Cor^jsof  Engineers  and  other  branches 
the  Army  ;  certain  technical  civilian  assistants  and  scientists ;  assistants  enlisted 
he  general  service ;  and  there  should  also  be  added  a  number  of  enlisted  men  of  the 
rineer  Battalion.  The  Washington  office  should  be  confined  to  the  rediu'tion  «»f  the 
1  plots,  and  the  issue  of  the  maps  and  annual  reports  of  opi^ations. 

Congress  evideutly  did  not  cousider  the  above  estimate  at  that  ses- 
n,  since  in  establishing  the  "  Geological  Survey,^  none  of  the  duties  of 
opographical  or  geographical  survey  were  confided  to  the  direction 
3reof,  but,  to  the  contrary,  the  word  "geographical  was  stricken 
»m  the  law.  A  geographical  survey  presupposes  that  a  toj)ographical 
ip  has  been  or  is  to  be  made^upon  which  to  delineate  cartographi- 
tty  a  portion  of  the  results.  The  requirement  for  a  connected  topo- 
aphical  map  in  detail  of  over  800,000  square  miles  of  mountainous 
Bi,  remaining  unsen'eyed  at  the  West,  for  the  uses  of  the  War  I)epart- 
int  alone,  is  even  more  apparent  now  than  when  the  subject  by  re- 
.^t  was  laid  before  the  House  Committee  on  Appropriations  in  April^ 
72;  and  yet  at  the  close  of  the  present  fiscal  year,  for  the  first  time 
ice  the  earliest  appropriation  for  the  Pacific  Railroad  surveys  (winter 

1852--53),  the  War  Depaitment  is  found  without  money  for  its  usual 
pographical  surveys,  as  the  funds  of  the  last  of  twenty-eight  separate 
proiiriationsmade  during  and  since  that  interval  cease  to  be  available 
"^  June  30,  qjirrent. 

ft  would  seem  that  no  other  department,  should  the  jurisdiction  finally 
lodged  with  it,  would  have  the  same  interest  in  sending  at  an  early 
r  partips  to  prosecute  topographical  surveys  in  the  outlying  and  most 
^Jcessiole  parts  of  this  great  area. 

Is  bearing  still  further  upon  the  cost  of  this  work,  a  copy  of  my  letter 
February  20,  1879,  is  here  introduced,  that,  having  been  submitted 

the  Acting  Chief  of  Engineers  to  the  War  Department,  was  for- 
ixled  and  appeared  as  House  Ex.  Doc.  No.  104,  Forty-fifth  Congress, 
ixl  session: 

War  Department, 
Washimjion  City^  Fehmary  24,  1879. 

he  Set-'retary  of  War  has  the  honor  to  transnut  herewith,  for  the  consideration  of 
Coumiittee  on  Appropriations,  a  commnnication  received  from  the  Acting  Chief 
-ugineers,  submitting  statement  in  regard  to  the  total  amonnt  expended  in  the 
^•^cution  of  military  and  geographical  surveys  west  of  the  one  hundredth  meridian 
'  l)eing  carried  on  by  this  department. 

Very  re8i>ectfully,  your  obedient  servantj^ 

Geo.  W.  McCrary, 

Sea'ctary  of  fVar. 
'ic  Speaker  of  the  Houxe  of  lieprenentativcs. 
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United  States  Engineer  Office, 
Geographicai.  Surveys  West  One  Hundredth  Meridian, 

Washington^  I),  C,  February  20,  1879. 

Sir  :  I  have  the  honor  to  iuvite  the  attention  of  the  department  to  the  following 
remarks  of  the  Hon.  J.D.  C.  Atkins,  chairman  of  the  Committee  on  Appropriations  of  the 
House  of  Representatives,  made  while  the  legislative  appropriation  bill  was  under 
consideration  in  the  Committee  of  the  WJiole  House,  in  order  that  any  erroneous  im- 
pressions that  might  he  derived  therefrom  shall  be  corrected. 

The  following  appears  as  a  portion  of  his  remarks  in  the  Record  of  the  11th  instant, 
page  31 : 

^*  United  States  surveys  and  explorations  west  of  the  one  hundrcth  meridian. 
Lieut.  George  M.  Wheeler  in  charge,  1869-79 '.  $549, 311) 

'*  General  Humphreys  does  not  I'ejwrt  the  salaries  of  officers,  soldiers,  and  detailed 
men  from  other  department's,  and  other  sources  of  expenditures.  If  these  were  inrhided 
it  doubtless  would  raise  the  amount  to  over  |1, 500,000." 

Referring  to  House  Ex.  Doc.  88,  Forty-fifth  Congress,  second  session,  it  appears  that 
the  One  Hundredth  Meridyin  Survey  had  expended  up  to  March  8,  1878,  as  follows : 

From  Engineer  appropriations $368, 770  55 

Aid  and  supplies  from  Quartermaster's  Department 121, 348  00 

Aid  .and  supplies  from  Commissary  of  Subsistence 5, 135  5j^ 

Aid  and  supplies  from  Ordnance  Department , 4, 062  63 

Total  to  that  date .,.      499,316  "i^ 

Amount  appropriated  for  the  fiscal  year  ending  June  30, 1879 50,  OOO   ^ 

Total 549,31^  '^'^ 

Salaries  of  officers  since  commencement,  to  include  February  14,  1879.. .        66,.82t^   *^ 


Total 616,14^-  ^ 

Amount  stated  by  Mr.  Atkins 1,500,OOC:P  w 

Difference ^ 883,85S3  1^ 

The  officers  performing  professional  services,  their  salaries  are  properly  char^e^^We 
to  the  total  cost  of  the  survey.  The  ** soldiers"  are  paid  the  same,  whether  detail^-^^ 
escorts  upon  this  work  or  not,  nor  are  they  diverteg,  except  temporarily,  from  t  ^Xieir 
usual  field  of  duty ;  and  they  do  not  add  to  the  aggregate  of  results,  but  on  the  ^C5on- 
trary,  by  the  necessity  of  their  presence,  prove  that  the  labors  are  conducted  ia.  tlie 
face  <»f  more  than  ordinary  obstacles.  Their  expense  has  not,  therefore,  been  corm  «id- 
•ered  properly  chargeable  to  the  work. 

No  men  have  been' detailed  from  **  other  departments." 

It  is  not  known  by  *' other  sources  of  expenditure  "  to  what  allusion  is  made. 

Farther  on  in  his  remarks  upon  the  subject  of  surveys  Mr.  Atkins  stat<?s  as  foll^^w^ 
(see  Record  of  the  19th  instant,  page  85): 

"And  we  appropriat^^d,  I  believe  it  was,  $100,000  for  the  Wheeler  survey,  besides  tbe 
transportation  thatjs  furnished  to  Lieutenant  Wheeler  by  the  War  Department,  wliich 
amounts  to  as  nmch  more." 

The  amount  actuallv  appropriated  and  as  shown  above,  for  the  vear  ending  June  30, 

1879,  was  $50,000,  instead  of  $100,000.    While  it  is  impossible  to  furnish  the  exact 

amount  paid  for  transportation  since  March  8, 1878,  as  the  field  accounts  are  not  yet  all 

at  hand,  still  the  approximate  amount  paid  by  the  Quartermaster's  Depa!tment  for 

'  this  purpose,  to  include  January  31,  1879,  is  not  1;o  exceed  $24,000. 

instead  of  $200,000  for  the  year  in  question,  a«  would  be  inferred,  the  summation  ^» 
the  a])propriation  and  cost  of  transportation  is  not  to  exceed  $74,000. 

I  have  the  honor  to  request  that  the  information  contained  in  this  statement  may  ^>»* 
forwarded. 

Very  respectfully,  your  obedient  servant,  • 

Geo.  M.  Wheklek, 
First  Lieutenant,  Corps  of  Engineers^  in  charof- 

Col.  H.  G.  Wright,      ^ 

Acting  Chief  of  Engineers,  U.  S.  A. 

(First  indorsement.] 

Office  of  the  Chief  of  Engineers, 

Washington,  February  20,  1H79. 

Rt'si)ectfully  submitted  to  the  honorable  the  Secretary  of  War. 

H.  G.  Wright, 
Acting  Chief  of  Engineers. 
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ludepeiuleiit  of  the  great  value  to  the  War  Department  of  eoustaiitly 
inproving  detailed  maps  for  its  current  uses,  the  resulting  advantage 
o  its  officers  engaged  upon  these  surveys  lies  in  the  experience  gained 
rith  men  and  affairs,  and  in  studying  tlie  terrain  Avithin  the  field  of 
ision,  from  actual  measiuements  made  of  roads,  trails,  streams,  and 
elative  elevations,  thereby  educating  that  ''  coup  dfo6W^  so  essential  to 
he  commander  in  time  of  war,  and  which  has  been  considered  of  great 
tu|)ortance  in  foreign  countries,  and  shouhl  not  be  lost  sight  of  in  our 
iwn. 

ESTIMATES. 

■«.>r  tlif  preparation,  uimI«i  \\w  direction  <>f  the  Secretary  of  War,  of  reports  and  maps, 
and  such  other  ilhi.stratious  as  may  be  necessary  in  completing;:  the  office  work  ol* 
th<*  geographical  and  topographical  survey  of  the  territory  of  the  lTnite«l  States 
wfst  of  the  100th  meridian,  including  cost  (»f  engraving  and  printing,  thirty  thousand 
dollars,  to  l»e  immediately  availalde. 


To  he  expiMuied  somewhat  as  foHows: 

"or  office  ex]»enses.  including  pay  of  assistants 1^19, 500  00 

•'orstorage ..*. '...    600  00 

'"or  engraving  and  printing  niai>s  and  charts 8, 000  00 

"or  preparation,  engraving,  and  )>rintiug  phites,  cuts,  photographs,  and 

other  ninstrations 1,000  00 

"or  office  contingencies '     1,000  00 

30, 000  00 

It  is  estimated  that  for  filling  gaps  in  the  triangulation  and  to]>ograph- 
cal  work,  thereby  admitting  of  the  com[>letion  and  publication  of  a 
lumber  of  atlas-sheets,  a  like  amount  will  be  sufficient. 

KINAXCIAL   STATKMKXT. 

mount  ex]»ended  from  appropriation  for  the  tiscal  year  ending  July  1, 1879.  !|48,  4 14  59 
xnount  remaiuing  unexpended  July  1,  1879,  from  appropriation  for  c^n- 
T inning  the  office  work  of  the  geographical  surveys  of  the  territory  of 
tlie  lTnit4>d  Stat<*s  west  of  the  100th  meridian  for  the  fiscal  vear  en<ling 
June  30,  1880 ,' 20,000  00 

Respectfully  submitted. 

Geo.  M.  Whekler, 
Captain  of  Eit{fineerM,  in  charge. 
Brig.  Gen.  II.  G.  Wricuit, 

Chief  of  EnffineerSj  U.  S.  A, 


AIM'KNDIX    A. 

LKPORT   OP    LIEl  TENANT   S.  E.  TILLMAN,   CORPS   OF   ENGINEERS,  IN    CHARGE  OP   PARTY 

NO.  1    UTAH    SKCTION,    FIELD   8KA80N   OF   1878. 

Washington,  D.  C,  March  31,  1879. 

Sir  :  1  have  the  honor  to  suhmit  the  following  report  upon  the  operations  of  the 
>arty  under  my  charge  during  the  tield  season  of  1878,  together  with  a  hrief  descrip- 
ion  of  the  country  visited  and  a  statt-ment  of  present  condition  of  office  work. 

I  left  Washington  July  19  ard  reached  Ogden  on  the  *24th.  At  this  point  the  outfits 
"or  three  parties  were  collected.  Indian  trouhles  in  Idaho  prevented  the  field  work 
Torn  being  conducted  to  the  northward  from  Ogden,  a«  was  originally  intended.  The 
larties  were  organized  at  Ogden  and  transported  by  rail  to  the  vicinity  of  the  new 
ireas  select^Ml.  The  area  chosen  for  the  operations  of  the  party  under  my  charge  is  in 
itlas-sheet  47a  of  progress  map,  and  is  situated  between  the  parallels  of  'VJ^  50'  and 
10©  40',  and  the  meridians  of  120^^  37'  30"  and  1*22^  00'  00".  It  lies  to  the  westward  of 
md  contiguous  to  areas  mapped  in  187(5  and  1877. 
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Cbico,  a  towu  ou  the  California  and  Oregon  division  of  the  Central  Pacifi  c  Railroad^ 
was  chosen  as  a  base  of  operations,  and  here  the  supplies  were  collected.  The  party 
as  organized  consisted  of  myself,  in  charge,  Mr.  Gilbert  Thompson,  principal  assistant 
and  topographer;  Mr.  J.  S.  Polhemns,  assistant  topographer ;  Mr.  Louis  Seckles,  meteor- 
ologist; Mr.  John  Bishop,  odometer  recorder;  one  enlisted  man,  two  packers,  and  a  cook. 
Before  my  arrivjil  at  Ogd^n,  Mr.  Thompson,  with  a  packer  and  the  soldier,  had  been 
sent  out  towards  Bear  Lake,  for  the  purpose  of  obtaining  the  data  necessary  to  com- 
plete an  atlas  sheet  of  the  previous  season.  With  the  exception  of  that  portion  in 
use  by  Mr.  Thompson,  my  outfit  left  Ogden  on  July  27  by  freight.  Mr.  Thompson,  with 
remainder,  left  on  August  1.  On  August  8  everything  had  reached  Chico,  and  ou  the 
morning  of  the  l»th  the  rendezvous  camp  was  left  for  tlie  field,  the  party  taking  thirty- 
five  dayt»'  rations. 

The  country  to  be  m:ip[)ii<l  lay  principally  in  the  Sierra  Nevada  Mountains,  but  at 
the  aouthwesteru  corner  extended  a  few  milen  into  the  Sacramento  valley.  The  limit- 
ing line  on  the  west,  for  the  greater  p(»rtiou  of  its  length,  fell  in  the  foot-hills  of  the 
Sierras.  Chico  was  a  little  way  outside  the  area.  In  starting  fri»m  the  rendezvous 
camp  it  was  my  intention  |o  make  the  cnniplete  circuit  of  the  area,  accomplishiuix  as 
much  a«  possible  from  a  single  lino  and  obtaining  a  definite  idea  of  the  country.  With 
this  intention  the  party  moved  along  the  southern  limit  of  the  sheet  until  reaching 
the  North  Fork  of  Feather  River.  At  this  point  the  canon  of  this  stream  could  not  be 
crossed  and  a  lou;^  detour  to  the  south  had  to  be  made.  The  crossing  was  effected  at 
Oroville,  and  the  stream  wa.s  ascended  until  the  original  line  of  travel  was  reached 
and  resumed.  The  physical  features  of  the  country  caused  me  tt>  abandon  the  idea  of 
a  recounaissance  trip  around  the  entire  area.  The  accompanying  topog^'aphical  sketch 
shows  tht5  lines  of  travel,  and  from  th»3  consecutive  numbers  of  the  camp  the  direction 
of  the  travel  is  known.  The  principal  pjints  occupied  for  tupograpical  and  geodetic 
purposes  are  also  indicated  on  the  sketch. 

Chico  was  revisited  September  11  for  supplies.  Between  the  dates  of  leaving  and 
return  to  Chico  tW  camps  were  made  and  two  approximately  parallel  lines  of  travel 
were  run,  extending  from  Chico  to  the  eastern  limit  of  the  work.  The  party  left 
Chico  the  second  time  on  September  14,  with  20  days'  rations,  and  sapplievS  for  40 
days  were  at  same  "date  sent  to. Pratt ville  by  wagon  Reference  to  the  sketch  will 
again  show  the  lines  and  direction  of  travel,  the  principal  topographical  stations,  and 
the  places  named.  The  party  reached  Prattville  ou  September  2G,  and  m^uie  it  a  base 
of  operations  from  that  date  "until  October  16.  On  October  :?,  a  portion  of  the  party, 
under  charge  of  Mr.  Seckles,  was  left  in  camp  at  Prattville,  the  remainder  operating 
in  the  direction  of  Lassen's  Butte.  The  small  party  at  Prattville  made  hourly  readings 
of  the  barometer  from  7  a.  ra.  to  9  p.  m.  daily,  from  the  Hd  to  the  13th  of  Octol>er. 
On  October  10  the  party  left  Prattville  for  the  last  time,  taking  the  supplies  left  at 
that  date.  The  general  movement  was  thence  to  Greenville, 'raylorville,  and  Susan- 
ville. 

The  successive  camps  and  subsequent  movements  of  the  party  are  shown  <m  the 
sketch,  and  any  other  remarks  upon  them  are  deemed  unnecessary.  Snsanville  was 
reached  October  23.  Camp  63,  opposite  Red  Bluff,  was  made  November  14,  and  Chico 
was  reached  December  5,  where  the  party  was  broken  up.  The  natural  and  physical 
features  of  the  section  made  it  a  difficult  oue  to  examine  with  satisfaction.  Nearly 
the  entire  surface  is  covered  with  timber  or  underbrush,  which  renders  observation  for 
topographical  purposes,  except  from  the  most  prominent  points,  Very  difficult.  Tht 
lack  of  distinctly  marked  and  naked  points  rendered  it  necessary  to  fix  most  of  thc^L  — 
topographical  stations  by  observations  from  them,  the  observations  to  them  being  gener —  - 
ally  uncertain.  The  sketch  is  inten<leil  to  convey  an  idea  of  the  work  done.  Th* 
streams  are  pretty  fully  shown  ;  the  full  lines  are  measured  meandered  roads  ;  whei 
there  are  dotted  lines  no  roads  existed.  When  such  lines  are  along  trails,  it  is  indi 
cated.  For  the  reasons  already  given,  much  was  matle  to  depend  upon  the  meandereia 
lines.  Every  line  of  this  sort  which  would  give  a  reasonable  amouut  of  topograpb;^ 
was  run.  From  the  topographical  stations,  the  usual  full  sketches  were  ma^le.  Tl 
triangulation  was  an  extension  of  that  of  l'!?76  and  1877. 

There  were  occupied  for  topography  and  located  by  observations  on   known  point 
50  stations;  eight   of  these  were  meander   stations   also.    There   were  made   '>,1< 
meander  stations,  from  many  of  which  more  or  less  extended  sketches  were  ma( 
One  thousand  three  hundred  and  twenty-one  miles  were  meandered  and  IH>5  travele 
not  meandered.     Sextant  altitude  observations  were  taken  at  15  camps.     Observatio' 
for  altitude  of  130  points  were  made  with  cistern  barometer  and   1,121)  with  aneroi 
The  aneroids,  except  upon  a  few  occivsions,  were  compared  tri-daily  with  the  cistei 
^The  variation  of  the  needle  was  determined  at  30  points. 

In  accomplishing  the  results  here  given,  10"^  days  were  occupied  in  actual  field  wo— 
Stormy  weather  delayed  the  party  10  days,  and  10  other  days  were  occupied  in  cai 
transcribing  and  arranging  collected  data.    In  addition  to  the  above,  Mr.  Thomp* 
accomplished  9  days'  field  work  and  2  of  camp  before  joining  the  party  at  Chico. 

The  party  was  provided  with  the  usual  allowance  of  instruments,  to  wit:  I  sext  ^m.ut 
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^n<l  horizou ;  1  iriangalation  instrument — 10  inch,  by  Stackpole ;  2  topographer's  tran- 
%&tt8 — minute  iu»trnment8 ;  2  cistern  barometers ;  2  aneroid  barometers ;  2  psychrome- 
'^^rs  ;  1  maximum  and  minimum  thermometer;  2  pocket  thermometers. 

In  closing  this  portion  of  the  report,  it  eives  me  pleasure  to  certify  to  the  zeal,  eu- 

^^rg^y,  and  fitness  of  my  assistants.    Mr.  Thompson  has  accompanied  me  in  the  same 

Rapacity  for  three  successive  field  seasons.    His  interest  in  every  detail  of  the  work, 

^is  untiring  energy,  lung  experience,  and  familiarity  with  the  work  I  have  each  year 

^^Btified  to.    Whether  engaged  upon  triangulatiou,  topographical,  or  meander  work, 

^  ^>elieve  that  he  always  accomplishes  the  best  results  at  the  least  expenditure  of  time 

^^^  labor  that  his  means  allow.     Mr.  Polbemus  came  to  the  field  familiar  with  the 

*^Btrument8  but  uuocqnainted  with  the  kind  of  work.    He  acquired  with  marked 

^^pidity  a  knowledge  of  the  requirements  of  thew^ork,  and  his  interest  and  energy 

J^^^le  him  a  most  valuable  assistant.    Owing  to  the  capacity  of  these  two  assistants  we 

^^Te  often  able  to  have  all  three  of  the  topographical  instraments  in  operation  at  once, 

^^d  very  frequently  indeed  two  of  them  were  being  used.    The  party  was  thus  able  to 

^^cjomplish  far  more  than  the  addition  of  a  single  assistant  would  seem  to  implv. 

^^^.  Seckles,  in  addition  to  the  ordinary  duties  of  the  meteorologist,  kept  the  aneroid 

^^d  odometer  record.    He  was  faithful,  conscientious,  and  intelligent  in  the  perform- 

?^^ce  of  his  work,  and  the  full  value  of  his  services  were  not  appreciated  until  his 

^'t)rk  came  to  be  reduced. 

The  country  embraced  in  the  sketch  lies  principally  in  the  Sierra  Nevada  Moun- 
^ins.    The  true  summit  line  of  the  mountains  iH  shown,  as  also  the  terminating  line 
^•^the  western  foot-hills.    The  distinctly  marked  eastern  wall  of  the  mountai-ns  dis- 
^^]>ear8  at  Thompson's  Peak,  near  Susauville.    The  range  is  broken  int-o  numerous  cones 
^nd  confusing  spurs.    The  northwest  section  was  once  the  seat  of  intense  volcanic 
^;^tinii,  and  is  dotted  with  ancient  craters — the  most  marked  being  that  of  Lassen's 
^ntt«,  which  has  an  altitude  of  10,400  feet,  and  stands  1,000  feet  above  any  point 
"Within  75  miles.    From    the    bordering   lines  of  the   foot-hills   in   the    Sacramento 
^"alley  long  spurs  of  even  grade  extena  to  the  northeast.    The  highest  points  of  these 
^pnr»  f orm  a  line  called  the  western  summit.    This  line,  so  far  as  our  work  is  con- 
^^emed,  culminates  at  Lassen's  Butte.    South  of  this  point  the  western  summit  line  is 
X^ortuous,  its  general  direction  being  a  little  east  of  south.    Between  the  two  summit 
lines  are  situated  several  small  valleys,  the  most  important  of  which  are  the  Big  Mead- 
ow?, Indian  Valley,  American  Valley,  Mountain  Meadows,  Butt  Valley,  Deer  Creek 
IMeadows,  Battle  Creek  Meadows.    The  little  town  of  Prattville  is  at  the  southern  end 
of  Big  Meadows.    There  are  several  stores  and  a  hotel  at  this  place.    It  is  largel}' 
>risited  in  summer  by  the  residents  from  Sacramento  Valley,  and  afibrds  a  delightful 
<:bange  from  the  oppressive  heat  of  that  valley.    The  extent  of  the  valley  is  approx- 
imately outlined  on  the  sketch  by  the  loop  formed  by  the  roads  from  Prattville  around 
"by  camps  35-48  and  back.    Taylorville  is  the  settlement  of  Indian  Valley,  and  is  at  its 
southern  point.    The  loop  of  roads  from  the  village  to  camps  44-43  and  return  shows 
the  extent  of  the  valley.     Qu^ncy,  the  county  seat  of  Plumas  County,  is  situated  iu 
American  Valley.    This  valley  is  much  smaller  than  the  other  two  mentioued.    The 
Mountain  Meadows  are  north  of  Greenville,  and  are  completely  outlined  by  the  line  of 
travel  starting  from  camp  48a  and  return.    Camps  41  and  IS  mark  the  southern  end  of 
a  Bioall  valley  called  Butt  Valley.    It  extends  5  or  6  miles  up  the  creek  there  indi- 
cated and  varies  one-fourth  to  a  mile  in  width.    An  open  area  extending  a  couple  of 
miles  oil  either  side  of  Longville  is  called  Humbug  Valley.    Deer  Creek  and  Battle 
Creek  Meadows  are  situated  near  the  heads  of  those  creeks.    Camp  29  is  at  the  upper 
end  of  the  first-named,  and  camp  58  the  lower  end  of  the  second. 

Id  the  Big  Meadows,  Indian,  and  American  Valleys  the  cereals  and  difierent  kinds 
of  vegetables  are  successfully  grown  and  some  fruit.  Butt  and  Humbug  Valleys  and 
the  Mountain  Meadows  have  permanent  occupants,  who  succeed  in  growing  a  few 
vegetables,  but  who  noainly  depend  upon  their  cattle  ranches.  All  the  valleys  named 
support  herds  of  cattle  in  summer  and  yield  quantities  of  hay  for  their  sustenance  in 
winter.  The  waters  from  these  mountain  basins  pass  by  deep  and  picturesque  cafions 
to  the  Sacramento  Valley.  Along  the  courses  of  these  streams,  above  the  scorching 
heat  of  the  Sacramento  Valley  and  below  the  mountain  snows,  are  situated  several 
rich  and  prosperous  farms.  For  the  greater  portion  of  their  lengths  these  canons  are 
barren  and  desolate,  and  will  forever  remain  so.  The  natural  scenery  of  the  region, 
especially  around  Lassen's  Butte,  ivS  seldom  surpassed.  From  this  lofty  cone  the  waters 
flow  in  every  direction.  On  its  south  side,  at  an  altitude  of  about  7,000  feet,  is  situ- 
ated a  beautifully  clear  lake.  From  this  lake,  by  an  almost  precipitous  fall,  the  water 
descends  for  1,000  feet.  Rushing  on  in  its  downward  course,  it  passes  through  a  region 
of  hot  springs.  The  whole  surface  of  th«  ground  iu  the  vicinity  of  these  springs  is 
warm.  The  cold  water  from  above,  reaching  these  heated  ])oints,  is  partially  converted 
into  steam,  which  in  its  efforts  to  escape  sustains  an  almost  continuous  column  of  wa- 
ter in  the  air.  In  some  places  the  generated  steam  is  recondensed  without  reaching  the 
surface,  so  that  l)eneatli  the  surface  appear  innumerable  little  jets  in  continual  activ- 
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i.    The  t(;mperatiire  of  the  stream  before  reachiDg  this  eahlroii  in  r>l*^;  after  pa»^ 
^  through  it  is  85"^. 

The  view  from  this  poiut  is  particularly  dne.    On  either  side  the  lava-capped  ridges 
je  ni»  1,500  feet,  and  to  the  north  Lassen's  Butte  extends  upward  2,000  feet  more, 
any  other  vents  existed  through  which  vaporized  bodies  made  their  escape.    Some 
e  still  feebly  active,  and  far  up  the  cafion  sides  are  seen,  in  variegated  colors,  the 
■ect  oi  the  heat  upon  the  volcanic  rocks.    From  the  springs  there  continually  arises 
dense  column  of  tine  white  steam,  which  contrasts  beautifully  with  the  dark  greeo 
nes,  the  bright  earth,  and  sombre-colored  rocks.     From  this  point  the  stream, Mill 
"eek,  continues  to  the  south  ward  for  six  miles  and  then  turns  ro  the  westward  and  passes 
the  Sacramento  through  a  grand  canon,  reported  to  be  impassable.   On  aline  nearly 
le  east  from  the  springs  just  meutioued  are  situated  several  such  springs,  the  near- 
b  batch  being  upon  the  surface  of  the  eastern  wall  of  the  cunon,  about  1,500  feet       I 
ove.    Still  farther  to  the  east,  and  in  the  canon  of  Warner  Creek,  is  a  large  number 
these  springs.     More  to  the  east,  and  in  the  same  line,  is  a  hot  lake,  heated  by  the 
caping  steam  which  is  generated  under  pressure  at  lower  depths. 
The  most  east-erly  of  these  springs  is  just  north  of  Willow  Lake  on   the  sketchy 
itween  camps  'M  and  32.    This  is  situated  at  the  head  of  a  small  gulch.    A  cir- 
lar  basin  of  about  15  feet  diameter  receives  the  percolating  waters  from  the  aar- 
Linding  sides.     Under  this  basin  superheated  steam  is  generated,  which,  escapiof^* 
eps  the  water  in  continual  agitation.    At  the  time  of  onr  visit  the  water  at  on^ 
int  was  thrown  to  the  height  of  5  feet,  the  entiie  basin  being  at  the  boiling  tempeC' 
lire.    Froiu  all  accounts,  the  action  is  continually  growing  less  energetic.    At  allo^ 
ese  springs  the  action  in  decomposing  the  surrounding  rocks  is  seen;  some  of  theimA  r 
>m  the  continual  agitation  of  the  waters  wearing  away  the  surrounding  sides,  hav"^ 
iched  a  ropy  consistency.    After  reaching  this  state,  whenever  the  uplifted  wat«^=* 
11  beyond  the  basin  the  suspended  material  is  again  deposited,  so  that  around  uian^ 
the  springs  little  craters  are  built  up. 

Lasseu^s  Butte  is  the  center  of  this  disturbed  region,  and,  owung  to  its  separaticrx^ 
>m  other  high  points,  is  very  prominent.    It  is  easily  ascended  by  the  southeast  spii  '^'' 
le  party  visited  it*on  the  Cth  of  October.     A  more  fitting  day  ci»uld  not  have  be^^^ 
osen.    It  was  immediately  subsequent  to  a  storm,  and  the  atmosphere  was  clear  an  ^ 
11.    Mount  Pitt  on  the  noVth  and  Mount  Rose  on  the  south  could  be  distinctly  seec-^^  • 
mnt  Shasta,  though  70  miles  away,  did  not  appear  half  that  diHtauce.    The  mea<^' 
'%  and  flats  of  the  mountain  region  and  the  Sacramento  Valley  were  all  open  to  ir^»  ' 
action.    Their  famished  vegetation  lent  at  the  distance  a  pleasing  etfect  to  the  view*^ 
le  point  is  itself  an  extinct  crater,  and  from  it  many  others  were  seen.   One  of  the*^^* 
B  most  recent,  is  worthy  of  mention,  and  is  shown  in  th^  sketch. .  The  cone  is  a  pe:^c- 
;t  specimen.     It  is  about  475  feet  high,  and  la  composed  of  black,  granular  cinder'- 
le  slopes  are  very  steep — about  45^' — and  the  ascent  dillicult.     Upon  arriving  at  t' 
per  rim  the  interior  is  seen  to  consist  of  a  double  funnel.   The  larger  funnel  exten 
ont  30  feet  downward  and  then  a  second  rim  exists,  which  is  the  base  of  the  small 
onel.    This  funnel  is  about  150  feet  deep  and  to  the  eye  symmetrical, 
^t  the  south  point  of  the  circumference  of  the  base  of  the  cone  there  exists  i  sort  ^ 
''bed  opening,  displaying  the  black  lava  which  underlies  the  cinders.    From  Wm. 
int  the  rigid  curves  in  the  lava  still  show  the  direction  of  the  ^ow,  which  waa  ti 
the  south  and  then  to  the  east.    The  extent  of  the  flow  is  about  three-fourths  of 
le  wide  and  one  and  one-half,  miles  long.    The  field  is  of  indescribable  roagbn 
e  flow  terminates  in  an  abrupt  wall  about  100  feet  high.    The  whole  mass  is 
igh,  broken,  plowed  by  ravines,  uplifted  by  bubble-like  protuberances,  that  it 
lies  beautiful  and  grand  from  its  utter  desolation.    All  the  eastern  side  of  the  1&. 
w  is  bordered  by  a  lake,  which  evidently  existed  before  the  outburst.    It  is  divid. 
%rly  in  two  by  the  lava.    Looking  from  the  point  upon  wliich  the  sketch  was 
)  whole  picture  is  peculiarly  Mne.    In  the  foreground  is  the  cone  of  cinders,  a 
;t  frustum ;  the  lava  from  it  spreads  in  bleak  desolation  around  its  base ;  the 
le  waters  of  the  lake  make  a  border  around  the  lava ;  then  the  many  shadea- 
sen  from  the  mountain  sides  beyond  complete  the  strange  and  weird  picture.    Da 
es  are  still  standing  in  the  lake,  which  probably  only  reached  them  after  the  erir 
n. 

^t  the  southwestern  base  of  the  cone  are  a  number  of  globular  concretionary  mi 
ort  of  volcanic  bullet,  of  a  dark,  liquorice  color,  containing  white  quartz-like  cr  ^^^' 
s,  probably  analcime  or  leucite.  A  few  tine  bushes  have  found  root  in  the  l^^^-"^,^ 
thin  the  past  ten  years,  but  by  the  ordinary  observer  these  are  overlooked,  an«_^  '^ 
pears  perfectly  barren.  -^ 

rhe  cone  here  mentioned  is  the  most  recent,  but  the  action  of  many  others  of  oM^-^^^ 
be  has  been   more  powerfjil.    To  the  eastward  and  northward  the  craters  are  w^^* 
merons,  and  they  rise  in  close  proximity.    In  the  basins  between  them  the  waters  fK"Oiii 
>  melting  of  the  accumulated  snows  of  winter  collect  and  form  lakes.     From    €>oe 
nt  I  counted  twenty-two  lakes,  varying  in  area  from  15  square  miles  to  as  mafl/ 
OH.     These  lakes  are  the  source  of  many  bountiful  springs,  which  burst  forth  in   tbe 
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LOQDtain  valleys  to  the  south.-  The  vdlleys,  flats,  lower  callous,  and  foot-hills  of  thia 
ictioQ  afford  good  grazing ;  the  greater  portion  of  the  mountain  region  and  upper  foot- 
ills  are  timbered  or  covered  with  chapparal,  and  grass  is  scarce.  Cattle  and  sheep 
re  driven  here  from  the  Sacramento  Valley  during  summer,  and  the  entire  area  is^ 
'sted  to  its  utmost  limits  to  support  them. 

The  vegetation  of  this  region  has  been  twice  described  in  survey  reports — flrst  in 
le  survey  for  a  Pacific  railroad  in  1854,  and  later,  in  the  geological  survey  of  California. 
he  valuable  timbers  are  the  dififerent  varieties  of  pine.  Near  the  bead-waters  of 
hico,  Antelope,  and  the  northern  tributaries  of  Battle  Creek  are  situated  numerous 
kw-mills.  It  would  be  difficult  to  tinrl  a  region  be  tier  suited  to  the  production  of 
iniber.  Its  transportation  is,  however,  attended  with  much  difficulty.  It  is  carried 
»  the  valley  both  by  flumes  and  wagons.  Tiie  construction  and  repair  of  flumes  make 
leui  very  expensive,  and  transportiitiou  by  wagon  is  difficult  and  tedious,  owing  to 
>ugh  roa^H  and  steep  gradients.  Some  of  the  flumes  are  thirty  miles  long  and  in 
lany  )»lacfs  have  to  be  supported  by  expensive  trestle-work. 

The  general  geological  features  of  the  section  may  be  briefly  stated.  From  Lassen's^ 
utte  as  a  center,  a  vast  sheet  of  lava  has  flowed  in  every  direction.  It  covered  nearly 
11  the  western  slopes  of  the  Sierras,  extending  (as  far  down  as  Red  Bluff)  to  the  Sac- 
imento  River.  South  of  this  point  the  lava  did  not  i*each  to  the  river.  The  son  th- 
ru point  of  this  sheet  is  near  Oroville.  To  the  east  the  lava  extended  to  Susanville. 
he  limit  of  the  flow  from  this  point,  is  made  by  a  line  (on  sketch)  passing  through 
amps  48,  48a,  48fr,  ;J4,  42,  28,  27,  lil,  21,  '\  and  ().'  Before  the  western  slopes  of  the 
terras  were  covered  by  lava  there  was  depi>sited  a  layer  of  conglomerate  composed  of 
'agmeitts  of  metamorphic  rocks.  In  many  phu'es  this  conglomerate  is  now  exposed, 
nd  a  fact  which  at  once  strikes  the  attention  is  that  at  the  lime  the  conglomerate  waa 
jrmed  the  gradients  must  have  been  very  different  from  the  present.  The  size  of  the 
latrix  stones  is  such  as  to  show  that  with  the  present  slope  they  could  not  have  been 
rought  into  position  by  present  causes.  In  some  phices— a«  between  Butte  and  Chico 
ireeks — the  lava  has  not  covered  the  conglomerate,  and  the  sedimentary  deposits  are 
aen  in  several  layers  Beneath  the  conglomerate,  Tertiary  and  Cretaceous  beds  were 
xposed  in  some  of  the  canons.  Granite  appears  along  a  line  from  camp  .5  to  6,  and 
rom  camp  9,  along  a  line,  to  Greenville.  It  also  appears  in  the  vicinity  of  camp  45 
nd  is  exposed  in  a  narrow  belt  from  that  point  to  the  southeast. 

South  of  Greenville  there  is  a  quartz  mine  in  operation,  which  I  visited.  The  super- 
atendeut  was  unwilling  to  give  any  information  in  regard  to  the  mine,  but  referred 
le  to  the  owners  in  San  Francisco.  There  is  another  mine  in  the  same  vicinity  in 
peration,  but  it  was  not  visited.  Copper  and  iron  ores  were  seen  in  the  vicinity  of 
amp  45,  and  prospecting  is  carried  on  in  the  granite  ledges  extending  from  that  point 
long  the  line  above  indicated.  Hydraulic  mining  and  prospecting  have  been  exten- 
ively  attempted  between  camps  5  and  6.  Sedimentary  rocks  of  the  Pliocene  period 
aake  up  the  remainder  of  the  exposure  of  the  section  embraced  in  the  sketch.  Around 
jAssen's  Butte  the  evidences  of  glacial  action  are  very  distinct  and  beautiful.  To  the 
lorth  and  east  of  the  butte  the  lava  covering  is  continuous.  The  more  recent  flows 
an  be  easily  distinguished  from  the  older.  In  one  place  along  the  old  emigrant  road, 
lorth  of  Lassen's  Butte,  the  lava  crust  has  broken  in,  exposing  an  immense  arched 
ayem.  It  would  seem  that  the  upper  surface  had  cooled  while  the  interior  was  still 
iqnid.  This  liquid  subsequently  flowing  out  left  the  opening.  Far  down  on  the 
restem  slopes  of  the  mountains  are  situated  several  extinct  craters.  The  ]ava-field» 
torn  Orovilie  to  the  north  are  principally  hard  basaltic  lava  with  occasional  layers  of 
shes  and  8coria\  Lassen's  Butte  is  a  magnificent  mass  of  trachytic  debris  with  pro- 
Msting  ledges  of  the  same.  It  was  once  a  crater.  Rhyolite  is  found  at  the  south  and 
•stem  base  of  the  butte,  which  at  a  distance  closely  resembles  gneiss. 

It  is  well  known  that  it  seldom  rains  in  this  section  between  May  and  November, 
ut  the  time  the  party  left  Ohioo,  August  8,  the  Sacramento  Valley  was  oppressively 
rarm,  parched,  dusty,  and  disagreeable.  The  day  temperature  frequently  exceeded 
[MP,  while  the  night  temperature  was  30^  to  40*^  less.  The  daily  range  in  the  valley 
ras  not  so  great  as  in  the  mountains,  though  the  daily  maximum  and  nightly  min- 
num  of  the  valley  were  both  greater.  The  valley  of  the  Sacramento,  as  viewed  from 
tie  mountains  between  August  and  December,  is  generally  enveloped  in  haze.  This 
aze  is  so  nluch  thicker  in  the  valley  than  above  that  it  is  outlined  like  a  wall  both 
orizontally  and  vertically.  It  was  a  source  of  much  trouble  in  topographical  and 
eodetic  ol^ervations.  The  obstructions  to  the  work  from  this  cause,  from  the  timber, 
nd  from  the  long,  deep  caftons,  made  the  area  diflScult  to  map  with  accuracy. 

The  accompanying  sketch  is  intended  to  render  intelligible  the  movements  of  the 
arty,  and  give  an  approximate  idea  of  the  labor  bestowed  in  the  work.  I  am  in- 
ebted  to  Mr.  Thompson  for  the  topographical  sketch,  as  well  as  the  drawing  of  vol- 
anic  cone  herewith. 

In  conclusion,  I  would  refer  to  the  obliging  kindness  of  General  H.  B.  Davidson, 
gent  of  the  Central  Pacific  Railroad  at  Chico.  His  disposition  to  assist  the  party 
reatly  facilitated  our  preparations,  and  saved  me  great  personal  annoyance. 
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After  reachinff  Chico,  on  December  5,  the  party  was  disbanded.  The  material  and 
Animals  were  taKen  to  Sacramento.  I  was  detained  at  this  place  until  the  18th  oi 
December,  in  connection  with  the  disbandment  of  the  parties  of  Lieutenants  Macomb, 
Young  and  Lndlow.  On  the  20th  I  arrived  at  Ogden,  at  which  point  I  remained  eight 
days,  under  your  instructions,  for  the  purpose  of  starting  a  field  office  at  this  pomt. 
On  the  28th  I  left  O^den  for  Washington,  and  arrived  here  on  the  2d  of  January. 

OFFICE- WORK. 

Upon  arriving  at  the  office  I  was  directed  to  superintend  the  reductions  of  geodetic, 
topographical,  and  hypsometric  observations.  As  usual,  the  amount  of  work  in  these 
reductioDs  has  been  very  great.  In  the  geodetic  branch  Mr.  Miles  Rock  is  the  fint 
assistant.  At  the  time  of  my  arrival  he  nad  the  work  well  under  way.  He  has  prac- 
tically had  charge  of  its  execution  since,  seldom  receiving  any  advice  from  me  except 
as  to  order  of  sequence.  He  has  selected  and  arranged  the  figures  for  adjustment 
and  been  employed  principally  upon  the  computations  for  adjustment.  His  thor- 
oughness, great  care,  and  perfect  system  are  all  that  could  be  desired  in  such  work. 
For  the  management  of  this  branch  of  the  work  he  deserves  and  should  receive  the 

Kriucipal  credit.  In  this  branch  the  other  assistants  have  been  Mr.  J.  S.  Polhemos, 
[r.  C.  J.  Kintner,  and  Mr.  William  Hoffman.  Mrt  Polhemus  commenced  the  work 
upon  his  return  from  the  field,  and  has  been  continuously  engaged  upon  it  since,  having 
had  experience  in  every  step,  from  the  adjusting  of  angles  to  the  fiinal  computation  of 
positions.  He  has  been  ver^  regular  in  attendance,  careful  and  systematic,  and  per- 
fectly satisfactory  as  an  assistant.  Mr.  Kintner  was  employed  temporarily,  and  was 
•engaj^ed  in  the  adjustment  of  figures  and  subsequent  computations.  He  brought  his 
previous  experience  to  and  displayed  his  usual  rapidity  in  the  work  and  greatly  facili- 
tated the  reductions.  Mr.  Hoffman's  services  were  secured  about  the  middle  of  Jan- 
uary and  retained  since.  He  has  taken  part  in  every  step  of  the  reductions,  from  the 
station  adjustment  to  the  determination  of  the  final  position,  and  his  work  has  been 
satisfactory.  Dr.  A.  Einliorn  was  also  employed  a  few  days  in  this  branch  of  the  work. 
In  the  meteorological  branch  Mr.  F.  M.  Lee  and  Mr.  F.  W.  FJoyd  and  Mr.  John  Hassoo 
have  been  the  only  assistants.  Mr.  Hasson  was  employed  only  temporarily.  Mr.  Lee 
has  been  engaged  entirely  in  the  arrangement  and  computation  of  observations  from 
the  cistern  barometer,  and  Mr.  Floyd  entirely  in  the  computation  of  aneroid  profiles. 
These  gentlemen  are  neat,  careful,  and  conscientious  in  their  work,  and  it  is  sufficient 
commendation  to  call  attention  to  the  results  as  below  stated. 

In  the  geodetic  branch  at  the  time  of  writing  (April  15)  there  have  been  compnted 
the  positions  of  46  primary  triangulation  stations,  30  secondary  triangulation  stations, 
31  cross-sight  stations,  120  three-point  stations.  In  the  meteorological  department 
there  have  been  computed  805  altitudes  from  cistern  barometer  observations,  5,443 
from  aneroid  observations. 
Very  respectfully, 

S.  £.  Tillman, 
First  Lieutenant  Corps  of  Engineers^  U,  S,  A. 
Capt,  Georgb  M.  Wheeler, 

Corps  of  Engineers^  in  Charge. 
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REPORT  OF  LIEUTENANT  T.   W.  SYMONS,  CORPS  OF  ENGINEERS,  IN  CHARGE  OF  PABTY 

no.  1,  california  section,  season  of  1878. 

United  States  Engineer  Office  and  Observatory, 

Ogden,  Utah,  March  31,  l^^- 

Sir  :  I  have  the  honor  to  submit  the  following  executive  and  descriptive  report  of 
the  operations  of  the  party  under  my  charge  during  the  field  season  of  1878. 

I  arrived  at  Carsou  City,  Nev.,  on  the  12th  day  of  July,  under  orders  to  organic 
there  for  the  field  two  topographical  parties  and  one  geological  party.  Owing  to  delay^ 
in  forwarding  supplies  and  assistants  from  the  east,  it  was  not  until  the  29th  day  of 
July  that  I  was  able  to  leave  Reno  with  men  and  instruments  to  rendezvous  at  CanjP 
Bidwell,  where  I  arrived  August  1.  August  4,  our  stores  arrived,  and  on  the  7th, 
everything  being  in  shape,  we  started  for  our  summer  campaign  with  the  following 
personnel  and  outfit :  Lieut.  Thomas  W.  Symons,  Corps  of  Engineers,  executive  officer 
and  field  astronomer ;  Charles  P.  Kahler,  topographer ;  Thomas  W.  Goad,  meteorol- 
ogist and  assistant  topographer ;    H.  W.  Hensnaw,  naturalist ;  Richard  Pitcher,  odom- 
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er  recorder ;  French,  Sayree,  Collins,  and  Barrett,  packers ;  and  Willson  and  Hen- 
trson,  cooks. 

Our  transportation  consisted  of  11  riding  ranles,  16  pack-mnles,  7  extra  mules,  and 
bell-mare  and  colt.    A  fnll  set  of  the  instruments,  books,  &c.,  necessary  for  oar 
jrk  was  furnished.    Our  instrument  for  taking  azimuths  was,  however,  too  old  and 
>rn  to  \ye  reliable  for  that  purpose.    It  was  my  intention,  if  possible,  to  carry  a  sys- 
m  of  triangulation  across  from  the  mountains  occupied  in  1877  by  my  party,  in  the 
cinity  of  Surprise  and  Warner  Valleys,  in  a  northwesterly  direction,  to  the  high 
aks  of  the  Cascades.    This  I  found  to  be  entirely  impossible  in  the  time  at  my  dis- 
sal,  owinsT  to  the  dense  haze  which  prevailed  almost  uninterruptedly  from  the  time 
leaving  Bidwell  until  we  reached  the  vicinity  of  Mount  Jefferson,  in  the  fall. 
The  people  of  the  country  inform  me  that  it  is  generally  very  hazy  daring  the  snm- 
$r  in  Oregon,  but  that  for  some  reason  it  was  much  more  so  this  summer  than  ordi- 
rily.    This  haze  must  be  attributed  mninly  to  the  fires  in  the  woods  and  swamps,  of 
lich  great  numbers  came  under  my  personal  observation,  and  these  formed  but  a 
lall  part  of  the  existing  ones.    Besides  those  which  occur  from  unexplained  causes, 
sat  numbers  of  these  fires  are  built  by  the  Indians  for  the  purpose  of  driving  game 
io  places. convenient  for  their  slaughter.    They  also  burn  off  the  marshes  in  the  lat- 
'  part  of  the  summer,  that  a  more  tender  and  nutritious  grass  may  grow  for  their 
nies.    The  haze  is  also  very  largely  attributable  to  the  impalpable  dust  which  rises 
im  the  desert.    The  winds  grind  the  dry,  cinder-like  vegetation  of  the  great  arid 
lins  aqd  mountains  to  atomic  fineness,  and  then,  carrying  it  aloft,  it  mingles  with 
e  smoke  and  forms  the  impenetrable  clouds  which  so  seriously  impede  the  work  of 
B  surveyor. 

3ur  first  station  after  leaving  Camp  Bidwell  was  Sugar  Loaf  Mountain,  a  triangula- 
»n  station  of  the  previous  year.  Leaving  this  we  went  around  to  old  Camp  Warner, 
d  then  moved  to  the  north.  On  Rabbit  Creek  we  found  a  deserted  cabin,  and  tjuite 
arge  number  of  cattle  and  horses  which  had  Undoubtedly  been  deserted  by  the  owners 
•  fear  of  the  Indians  who  had  devastated  portions  of  Warner  Valley,  only  a  short 
ttance  away. 

bidding  adieu  to  Rabbit  Creek  and  it«  myriads  of  little  scampering  inhabitants  from 
lich  it  takes  its  name,  we  crossed  ^  range  of  hills  where  bunch  grass  and  springs 
lid  furnish  food  and  drink  for  many  cattle,  and  then  on  to  the  north  across  the  great 
d  rocky  plateau  lying  to  the  east  of  Abert  Lake.  So  rocky  and  barren  is  this  great 
iteau  that  not  a  living  thing  was  seen  during  our  journey  across  it.  In  the  distance 
>  could  see  the  outlined  mass  of  a  mountain,  which  guided  as  and  which  I  wished  to 
5upv  if  the  haze  should  diminish  sufficiently.  Arriving  near  it  toward  nightfall  we 
reai  ont  in  search  for  water,  but  the  hillsides  and  ravines,  so  far  as  w6  could  find, 
>re  as  innocent  of  wateras  are  the  mountains  of  the  moon.  After  traveling  some  time- 
U)  the  night,  we  found  a  place  where  a  little  water  could  be  dipped  up  from  about 
a  roots  of  the  tuleS)  and  here  we  made  camp  and  passed  a  night  made  hideous  by  the 
tes  and  songs  o%  myriads  of  mosquitoes,  the  wailing  cries  of  the  coyotes,  and  the 
fiing  atmosphere.  * 

As  early  as  possible  in  the  morning  we  moved  out  to  the  westward,  and  after  travel- 
^  several  miles  found  a  beautiful  spring  in  the  northwestern  part  of  the  valley,  where 
^n  and  animals  slaked  their  raging  thirst,  and  then  keeping  on  to  the  westward  over 
■filing  sa^e  brush  country  utterly  desolate  and  waterless,  we  at  last,  at  nine  o'clock 
the  ereuing,  reached  Chewaucan  marsh  and  camped  on  the  banks  of  the  ChewancaQ 
eet 

rtfa  marsh  or  valley  is  divided  into  two  part«  very  similar,  and  separated  by  an  in- 
"vening  range  of  hills,  except  at  the  low  place  where  the  stream  breaks  through. 
«y  are  both  low  and  marshy,  and  overflowed  in  the  spring,  and  while  a  small  pro- 
*tion  has  been  reclaimed,  by  far  the  larger  part  is  still  a  tule  and  marsh  grass  flat, 
wishing  a  good  winter  range  for  cattle  that  live  on  the  hills  in  the  summer.  The 
^Wancan  flows  through  these  two  divisions,  not  as  a  stream,  but  by  being  dissem- 
ted  through  them  to  form  the  marsh,  and  then  leaving  as  a  creek  to  flow  into  the 
th  end  of  Abert  Lake,  which  is  its  sink.  Some  ranches  have  been  taken  up  and 
^ked  where  there  are  streams  coming  down  from  the  monntainn  and  about  the  upper 
'  of  the  northern  marsh.  I  cannot  but  think  that  ^here  is  a  very  prospenms  future 
this  valley  when  capital  and  enterprise  are  found  to  make  the  necessary  improve- 
^tjs  for  reclaiming  the  entire  valley,  which  can  be  done  by  turning  the  stream  and 
^ing  an  irrigating  ditch  of  it  along  the  base  of  the  mountains  which  constitute  the 
*tern  boundary  of  the  valley.  This  would  drain  the  swamps  and  furnish  water  for 
Rating  the  reclaimed  and  the  now  arid  and  waste  land  between  the  swamps  and  tbe 
1^  tains. 

'b«  creek  discharged  when  we  were  therein  the  dry  season,  in  the  middle  of  August, 
tit  26  cubic  feet  of  water  per  second,  an  ample  sufficiency  for  every  purpose.  It 
^  in  the  mountains  to  the  west,  is  full  of  the  finest  trout,  and  about  its  sources 
^aands  of  cattle  find  abundant  summer  range.  Timber  is  plenty  and  within  easy 
^ance,  and  a  saw-mill  is  in  operation  on  the  divide  between  this  valley  and  Goose 
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Lake.    Any  one  yisiting  this  valley  in  a  few  years  will,  I  believe,  find  it  inhabited 
by  many  hnndreds  of  people. 

Leaving  Chewaucan  we  proceeded  to  the  north  over  a  low  barren  divide  into  Snmner 
Lake  Valley,  and  kept  on  np  the  western  side  of  the  valley  to  Foster's  ranch.  This 
lake  is  of  bitter  alkaline  water,  entirely  unfit  for  use  except  as  a  goose  and  dnek  pood. 
It  is,  I  believe,  strongly  impregnated  with  borax,  bnt  am  unable  to  say,  as  the  water 
collected  has  not  been  analyzed.  Most  of  the  fertile  patches  along  the  lake  are  taken 
up  and  under  cultivation.  I  am  informed  that  the  climate  in  this  valley  is  much  milder 
in  winter  than  it  is  in  any  of  the  neighboring  valleys,  and  can  well  understand  why 
it  should  be  so,  for  all  the  west  shore  of  the  lake,  which  is  the  only  part  inhabited,  is 
shut  in  on  three  sides  by  the  almost  perpendicular  clitts  of  the  Rim-rock  Mountains, 
and  consequentiy  none,  or  at  least  very  few,  of  the  chilling  winds  of  winter  can  reach 
it,  while  the  lake  on  the  east  acts  as  a  great  heat  reservoir. 

As  it  continued  uninterruptedly  hazy,  I  gave  np  all  attempts  to  carry  any  trtaojEpi- 
nation  across  to  the  Cascades,  and,  leaving  Foster's,  struck  out  for  Klamath  bycrossiDK 
ihe  Rim-rocks  by  the  old  Fremont  Pass,  and  moving  westward  through  the  timber 
until  the  Sykau  Marsh  was  reached.  This,  at  the  time  we  visited  it,  appeared  a  level 
meadow  about  fifteen  miles  long  and  ten  miles  broad,  covered  with  splendid  grass. 
A  ^ine  stream  flows  through  the  valley,  with  \t«  banks  bordered  with  tall  willows  and 
its  waters  enriched  with  great  numbers  of  large  brook-trout,  of  which  several  were 
•caught,  weighing  from  four  to  six  pounds  each.  I  was  subsequently  informed  that 
the  whole  place  is  flooded  in  the  spring  and  remains  covered  with  water  until  Jane. 
The  water  has  for  its  outlet  the  north  fork  of  the  Sprague  River,  and  in  the  years  paHt 
has  so  daaimed  up  the  outlet  at  the  southern  end  of  the  valley  by  alluvial  accnmola- 
tions  that  at  high-water  in  the  spring  the  overflow  is  caused.  The  remedy  is  easy  aiid 
■unquestionable,  by  which  the  whole  place  may  be  reclaimed.  It  is  the  same  action 
that  has  taken  place  in  Goose  Lake,  whereby  its  outlet  into  Pitt  River  has  been  de- 
stroyed. This  valley  lies  partly  in  the  Klamath  Indian  Reservation,  but  the  Indians 
seem  to  make  no  use  of  it  at  present. 

Leaving,  ikw,  the  southern  end  of  this  pretty  valley,  we  proceeded  to  the  sooth- 
westward,  in  the  direction  of  Fort  Klamath.  Our  way  lay  through  the  unbroken  for- 
ests of  pine,  tamarack,  cedar,  and  spruce ;  the  soil  of  volcanic  sand  and  ashes  so  light 
that  at  each  step  our  mules  sank  into  it.  above  the  fetlock  joints.  Every  now  and 
then  a  tract  would  be  encountered  which  had  been  swept  over  by  fire  and  hurricane, 
covering  the  ground  with  a  network  of  charred  and  dead  trunks,  making  progress 
doubly  difficult,  and  tedious.  No  grass  and  no  water  exists  in  these  sterile  wastes  ex- 
cept little  widely  scatter*  d  patches  and  springs,  a'nd  it  was  with  great  joy,  after  being 
for  several  days  in  these  woods,  that  from  the  summit  of  a  divide  we  came  in  sight  of 
the  Cascades,  and  knew  that  for  the  present  our  weary  plodding  through  the  deep  and 
untrodden  sand  was  nearly  over. 

Soon  we  came  to  the  old  Oregon  Central  Military  Road,  and  continued  on  down  it 
until  we  came  to  the  Sprague  River,  thonce  down  this  noble  river  and  across  its  trib- 
utary, the  Williamson  River,  to  Fort  Klamath.  Both  the  6praguo  and  Williamsoa 
Rivers  have  considerable  bottom  lands,  which  are  now  going  to  waste,  for  the  Indians 
feed  but  few  ponies  on  them  and  cultivate  but  an  infinitesimal  portion  of  the  soil. 
.Flowing  over  pebbly,  rocky,  and  sandy  bottoms,  and  with  banks  bordered  by  ^reat 
pine  barrens  or  beaver-inhabited  cottouwood  bottoms,  green  meadow  lawns  or  willow 
clumps,  the  streams  of  this  vicinity  are  the  most  beautiful  in  the  world.  Nothing 
could  be  more  pure  and  clear  than  the  waters  of  the  Sprague  and  Williamson  Kiven, 
and  Fort,  Wood,  Annie,  and  the  other  creeks  about  Fort  Klamath.  All  the  streams 
are  stocked  with  fish,  nowhere  else  to  be  found  in  such  abundance  and  quality.  Tront 
•of  from  three  to  fifteen  pounds  and  sometimes  larger  are  taken  in  these  streams. 

At  Fort  Klamath  the  outfit  was  divided,  and  Lieutenant  Wheeler  and  his  party  •»«* 
>ont  northward  along  the  base  of  the  Cascade  Mountains  to  the  Columbia  River,  while 
I  with  five  men  went  south  to  Mount  Pitt,  thence  north  to  the  Columbia,  occupyiQK 
as  I  went  the  high  peaks  of  the  Cascades.  Going  around  by  Spring  Creek,  Pelican 
Bay,  the  Dead  Indian  Road,  and  Rancheria  Trail,  we  camped  at  Four  Mile  liike,  ana 
the  next  day  started  to  make  the  ascent  of  the  peak,  intending,  if  possible,  to  go  op  it 
by  the  long  ridge  which  juts  to  the  south. 

After  spending  most  ot  the  di^y  in  picking  our  way  through  the  labyrinth  of  fall^^ 
timber  and  beds  of  rock,  we  were  completely  stopped  by  great  lakes  of  lava  bowlders 
across  which  we  could  not  go  with  our  animals.  We  returned  to  camp,  and  after  olo 
more  day  spent  in  vainly  endeavoring  to  penetrate  the  maze,  on  the  third  day  wesnc- 
ceedtd  in  climbing  the  peak,  taking  our  animals  to  within  about  500  feet  of  the  top, 
where  we  camped  among  rocks  so  thick  that  we  could  not  find  a  place  to  attain  a  com- 
fortable position. 

The  next  day  we  occupied  the  peak,  and  took  such  observations  as  the  smoky  nature 
of  the  atmosphere  would  allow. 

Mount  Pitt,  or  Wal-um-sen-yein  (Rogne  River  Mountain),  as  the  Indians  call  it,  from 
the  fact  that  it  is  the  highest  summit  about  the  headwaters  of  Rogne  River  and  its 
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tribntarieSf  is  the  most  Bonthera  peak  of  the  CsKScades  and  a  very  beautifully  shaped 
cone-like  stmctare  of  volcanic  rock.  Wherever  the  slopes  are  not  too  great  and  it  is  a 
little  sheltered,  the  mountain  is  covered  abont  the  summit  with  ^reat  and  thick  masses 
of  snow.  The  ascent  is  extremely  difficult  and  perilous,  owing  to  the  great  rock  slides 
which  it  is  necessary  to  cross  and  sometimes  t'O  climb.  From  the  summit  the  view  is 
very  grand  and  extensive.  To  the  north  the  snowy  range  of  the  Cascades,  sharp  and 
jagged,  extends  until  lost  in  the  distance.  It  is  flanked  on  both  the  east  and  west  by 
nnmerons  ontlying  spurs  and  foot-hill  ranges.  To  the  south  the  various  mountain 
ranges  of  Northern  Calffomia  are  seen  in  wild  confusion  ;  while  towering  high  above 
all.  Mount  Shasta  shows  itt*elf  clear  and  white.  To  the  west  we  overlook  the  fertile 
valleys  of  the  Rogue  River  headwater  streams,  with  their  intervening  mountains  and 
thriving  towns,  while  to  the  east  the  maiu  features  of  the  landscape  are  the  Klamath 
lakes  and  marshes  and  hills  of  no  great  height.  Woods  are  all  around  us  as  far  as  the 
eye  can  reach,  covering  every  bill,  bordering  every  lake  and  meadow — woods  of  yel- 
low, black,  and  sugar  pine,  of  tamarack,  spruce,  and  fir,  and  impenetrable  jungles  of 
brush.    Spread  around  us  are  many  pretty  mountain  glacier  lakes  and  meadows. 

Leaving  Mount  Pitt,  we  retraced  our  steps  to  Klamath,  and  from  thence  started  into 
the  wilderness  to  the  north,  our  first  objective  point  being  Mount  Scott,  the  next  high 
peak  of  the  range.  Onr  method  of  proceeding  was  to  make  as  accurate  as  possible  a 
time  meander  from  one  camp  to  another,  and  from  camps  to  peaks  and  return ;  to 
make  topographical  stations  on  mountains  and  hills  whenever  practicable :  to  take 
flextAnt  time  and  latitude  observations  at  each  camp,  to  make  cistern  and  aneroid  ob- 
servations for  altitudes  at  short  intervals,  and  to  connect  our  work  by  triangulation 
through  to  the  Columbia  River  as  well  as  the  limited  time  at  our  disposal  admitted. 
This  latter  part  of  the  work  was  rendered  impossible  by  the  smoke  and  haze  and  the 
necessity  for  haste  which  my  orders  demanded. 

The  soil  over  which  we  traveled  is  composed  of  volcanic  sand  and  ashes  interspersed 
with  basaltic  bowlders,  and  with  here  and  there  an  exposure  of  trap-dyke.  Lumps  of 
ashy  conglomerate  without  grit  abound,  which  can  be  worked  into  any  shape  and 
furnish  an  excellent  powder  for  cleaning  purposes. 

We  were  continually  in  the  forests  of  pine,  except  when  we  crossed  the  western  arm 
of  the  Great  Klamath  marsh  or  traversed  some  little  glacier  meadow  or  tract  of  fallen 
timber  overthrown  by  fire  and  wind.  It  is  extremely  hard  traveling  through  this 
country,  the  soil  being  so  light  and  loose  that  our  mules  sank  fetlock  deep  at  each  st-ep. 

Mount  Scott  has  the  same  general  features  that  characterize  most  of  the  Cascades.  It 
is  of  volcanic  origin,  and  is  covered  on  the  eastern  side  with  the  ashes  and  light  diSbns 
which  have  been  carried  over  from  the  west  and  form  a  comparatively  easy  slope  to 
the  Bumfnit.  On  the  west  the  bluffs  are  almost  perpendicular  walls  of  igneous  n)ck, 
ragged  i|nd  torn,  among  which  nestle  great  masses  of  snow  sheltered  from  the  summer 
snus,  and  forming  reservoirs  of  water  which  irrigate  beautiful  patches  of  green  in  the 
lowlands  at  their  feet.  To  the  southwest,  following  down  these  walls,  we  come  at  last 
to  one  of  the  most  remarkable  and  interesting  features  of  nature's  handiwork  that  is 
to  be  found.  In  the  calm  stillness  of  an  exquisite  summer's  day,  lying  there  in  the  dense 
and  lonely  wilderness,  we  saw  Mystic  Lake,  a  great  elliptical  shaped  basin  of  water 
about  eight  miles  long  by  five  wide,  with  walls  of  nnbmken  cliftrt  from  1,000  to  2,000 
fe«*t  in  height  crowned  with  evergreens  and  pines.  A  little  conical  island  near  the 
center,  with  scattered  trees  upon  it,  is  the  only  occupant  of  this  weird  lake.  There  is 
probably  a  subterraneous  outlet  of  the  lake  in  Sand  Creek,  which  flows  to  the  east  and 
IS  absorbed  in  the  waters  of  the  Qreat  Klamath  marsh  system.  Many  other  lakes  are 
to  be  seen  in  the  neighboring  regions,  and  interesting  bits  of  scenery  hidden  away  in 
the  woods  and  hills. 

Leaving  Mount  Scott,  we  proceeded  northward,  skirting  along  the  eastern  base  of  the 
mountains,  paNsing  on  our  way  Mount  Thielson,  its  summit  pea^  in  the  shape  of  a  cow- 
horn,  and  reaching,  on  the  14th  of  September,  Diamond  Peak,  another  of  the  typical 
high  mountains  of  the  Cascades.  I  ascended  this  peak  and  remained  on  its  snmmit 
several  days,  but  was  precluded  by  the  smoke  and  storms  from  making  any  ^ood  station. 
In  traveling  from  MouutScott  to  Diamond  Peak,  we  passed  the  divide  which  separates 
the  waters  of  the  Klamath  system  from  those  of  the  Deschutes  and  Columbia.  The 
Deschutes  drains  all  the  eastern  watershed  of  the  Cascades  from  the  latitude  4.^  10^  to 
the  Columbia,  and  by  means  of  the  Crooked  River  a  large  portion  of  the  great  interior 
basin  of  Central  Oregon. 

Odell  Lake  lies  to  the  east  of  Diamond  Peak  and  is  the  cradle  of  the  West  Fork  of 
the  Deschutes,  being  supplied  by  the  melting  of  the  great  snow  fields  and  glaciers 
abont  the  eastern  portion  of  the  Diamond  Peak  cluster.  It  is  a  very  wild,  romantic- 
ally-beautiful sheet  of  water,  in  size  about  five  miles  by  four.  There  is  no  grass  on  its 
borders  and  the  fallen  timber  and  dense  thickets  of  brush  and  tamaracks,  and  the  miry 
bogs,  made  it  impossible  to  reach  the  shore  with  onr  animals,  and  we  were  obliged  to 
retrace  our  steps  lor  some  distance  and  camp  on  the  supply  stream  of  the  lake,  where 
onr  mules  fared  very  badly,  as,  indeed^  they  had  done  most  of  the  time  that  we  were  in 
this  timber-covered  country. 
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With  infinite  labor  we  profi^ressed  slowly  on  to  the  northeagt ;  all  we  conld  do  was 
to  make  about  5  or  6  miles  per  day,  so  dense  were  tLe  forests  and  thickets,  bo  soft- 
the  soil,  so  steep  the  hills,  and  snch  intricate  masses  and  tracts  of  fallen  timber  block-  |  D»^ 

aded  our  way.  Climbing  one  day  around  the  brow  of  a  hill,  we  came  in  sight  of  an- 
other lake,  cli£f  and  tree  environed,  and  with  bottom  lands  and  meadows  of  great 
extent,  with  what  appeared  to  be  mud-flats  near  the  water.  This  lake  and  valley  were 
about  12  by  6  miles  in  size,  and  took  us  completely  by  surprise,  as  they  were  evi- 
dently in  the  course  of  our  West  Fork  and  were  not  represented  on  any  map.  Reach- 
ing it  we  found  at  its  southern  end  many  acres  of  rich  grass  and  bunches  of  tall  wil- 
lows. Following  around  the  west  shore  to  the  northern  end,  we  ascertained  that  there 
was  no  visible  outlet.  We  saw  the  water-marks  20  feet  above  us  on  the  lava-blafb 
of  the  northern  and  northeastern  shores,  and  camping  beside  these  in  the  night  we 
heard  strange  rumblings  in  the  vast  pile. 

We  found  the  next  day  that  these  lava  beds  formed  an  impassable  barrier  extending 
unbroken  for  about  4  miles  to  the  north,  and  at  their  end  we  were  again  surprised 
to  hud,  foaming  out  from  underneath  the  giant  bowlders  the  clear,  cold  river  that  we 
had  seen  lose  itaelf  in  the  lake  15  miles  ana  more  to  the  south.  All  was  now  plain  to 
us.  The  masses  of  lava  had  been  deposited  in  their  present  position  by  some  tremen- 
dous convulsion  of  nature,  forming  a  dam  to  the  Waters  and  thus  making  the  lake  and 
green  grassy  valley  where  before  there  was  none.  The  noises  of  the  night  were  cansed 
by  the  water  forcing  itself  through  the  interstices  of  the  rocks  and  wearing  them 
and  causing  them  to  tumble  upon  one  another.  The  water-mark  20  feet  above  ns 
shows  where  the  waters  rise  in  the  spring,  when  the  mountain  torrents  are  swollen. 
This  explains  also  why  we  found  the  valley  unsettled,  as  it  is  overflowed  the  greater 
part  of  the  spring  and  early  summer.    It  cannot  be  many  hundred  years  since  the  con-  *  * 

vulsion  took  place  which  resulted  in  the  formation  of  this  singular  lake  and  valley,  ^ 

called  Davis  Lake  by  the  few  people  who  know  of  its  existence. 

Following  on  down  thexiver,  through  the  great  forests  of  pine,  now  and  then  cut- 
ting across  a  bend,  and  often  crossing  tributary  streams  which  bring  the  snow  waters 
from  the  Cascades, seeing  little  land  of  any  value  for  agricultural  or  grazing  purposed) 
seeing  deer  in  great  numbers,  and  signs  of  other  large  game,  we  came  to  the  8priD^ 
River,  another  specimen  of  nature's  grand  way  of  doing  things.     The  source  is    ^ 
spring  covering  acres  of  ground  and  sending  down  to  the  Deschutes  its  waters  in    ^ 
stream  200  feet  wide  and  2  to  4  feet  deep.    The  Three  Sisters  and  their  mountain  ueig 
bors  must  furnish  the  water  which  pursues  its  hidden  way  and  rises  at  this  gre 
spring. 

On  the  22d  of  September  we  reached  Farewell  Bend,  at  which  point  there  is  a  fo; 
across  the  Deschutes.  The  river  here  is  about  400  feet  wide,  running  very  swiftly  ov 
a  rocky  bottom,  with  a  nearly  uniform  depth  of  about  2  feet.  There  are  some  vei 
pretty  meadow  bottoms  along  this  portion  of  the  liver.  This  has  been  a  croesin 
place  for  many  years,  and  receives  its  name  from  the  fact  that  the  emigrants  goi 
north,  east,  or  west  in  the  olden  anti-bridee  times  here  bade  farewell  to  the  river. 

From  here  we  marched  27  miles  to  Crooked  River,  going  by  the  old  emigrant  ro 
Our  way  lay  all  day  along  a  rocky  sage-brush  desert,  with  Junipers  scattered  more 
less  closely  all  over  it.    It  was  a  great  relief  to  emerge  from  the  woods  in  which 
had  been  traveling  almost  continuously  for  over  a  mouth,  where  our  vision  had  been 
contracted,  out  into  the  open  country  where  the  broad  plains  were  spread  out  before 
as  far  as  the  eye  could  reach.    This  plain  across  which  we  traveled  presents  the  m< 
unmistakable  evidence  of  having  been  covered  with  a  flow  of  molten  lava  from  t 
mountains  to  the  west  of  us.    It  is  easy  to  distinguish  the  wave  fronts  where  the  fier^  ^^ry 
mass  was  arrested  in  its  course  by  the  hardening  of  its  elements,  and  which  enabL^^^f^ 
us  to  imagine  these  hundreds  oi  square  miles  as  once  a  seething,  struggling,  turliK— =^i^ 
lake  of  fire. 

At  Crooked  River  I  found  Lieutenant  Wheeler  and  his  party,  and  separated  aj 
from  him  to  rejoin  the  party  at  W^arm  Springs  Agency. 

In  going  from  Crooked  River  to  the  Warm  Springs  Agency  I  did  not  follow  the  ro 
but  struck  across  the  country,  intending  to  camp  on  Willow  Creek.    It  does  not  d( 
this  western  country  to  expect  too  much,  even  to  expect  to  find  water  in  a  creek 
to  our  discomfort  we  discovered  on  reaching  Willow  Creek  that  evening.    We  m 
a  dry  camp  aniong  the  junij^ers,  and  consoled  ourselves  with  a  great  tire.    The  n 
day  we  reached  and  cioyeed  the  Deschutes,  after  descending  into  its  caflon  fully  1 
feet  below  the  plain  we  had  l)een  tiaversing.    Over  this  plain  the  bunch  grass  gi 
in  great  luxuriance,  but  there  is  veiy  little  stock  upon  it,  owing  to  the  scarcit; 
water.    While  encamped  on  Crooked  River  a  stoim  in  the  mountains  covered  all 
peaks  with  tnow  and  cleared  the  atmo8X)here,  and  on  our  way  to  the  agency  we 
greeted  with  a  prospect  the  grandeur  and  beauty  of  which  it  would  be  hard  to 
pass.    The  great  heights  of  Jefterson,  the  Three  Sisters,  Diamond  Peak,  and  all 
lesser  mountains  of  the  range,  loomed  up  in  their  new  and  fresh  robes  of  snow,  ]_ 
white  against  the  clear,  blue  sky,  with  their  skirts  of  woodland  showing  folds    and 
creases  where  sunny  hill-slopes  and  jahady  ca&ons  branched  from  the  parent  iMJBSfi,  J 
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J  exquisite  beauty  of  this  day's  march  will,  I  hope,  never  be  obliterated  from  my 

mory. 

he  ^rand  cation  of  the  Deschutes  in  this  vicinity  is  about  1.000  feet  deep,  with 

1h  almost  perpendicniar  and  impassable  except  at  pointM  quite  remote  from  one 

ther.    All  the  country  seems  to  be  metamorphic  in  its  upper  strata  and  lacustrine 

narine  in  the  lower.     To  the  west  the  country  is  considerably  brokeu  up  into 

OU8  and  ravines,  made  by  the  streams  coming  down  from  the  mountains.    The 

rm  Spring  Indian  Agency  is  situated  on  one  of  these  streams  about  a  mile  from  the 

chutes. 

eaving  the  agency  with  an  old  Indian  chief,  Clem-tusch-na,  as  guide,  [  started 

Mount  Jeft'erson,  which  has  never  been  ascended.    The  mountain  was  euveloped 

londs.  and  after  experiencing  a  driving  rain  for  two  days,  wb  retraced  our  steps 

re  judged  that  it  would  be  impossible  to  make  the  ascent  over  the  l«K)se  snow  which 

fallen  during  the  past  few  days  upon  the  mountain,    ludians  out  hunting  came  in  i 

l)  the  Information  that  the  snow  was  2^  feet  deep  at  the  base,  whi<th  convinced  me  j 

b  it  was  too  late  to  make  the  asceut  of  either  Mount  Jetferson  or  Mount  ]:i^od,  as  I 

intended  doing.  , 

eaving  again  the  agency,  we  moved  to  the  north  over  the  rolling,  cut-away  mesa  , 

ntry,  and  at  about  8  miles  distance  came  to  the  Warm  Spring  River,  upon  which 
found  quite  an  encampment  of  Indians,  lolling  about  in  listless  idleness  iu  the 
ksant,  warm  weather.  At  the  Warm  Springs,  about  an  eighth  of  a  mile  from  the 
age,  there  were  a  number  of  Indian  women  disporting  themselves  in  the  batin  | 

ch  had  been  hollowed  out  for  the  purposes  of  the  bath.    The  cafLon  of  this  creek  i 

ery  deep,  and  over  the  hills  and  down  to  this  place,  which  is  the  winter  home  of  [ 

Warm-Springs,  many  trails  lead.  About  the  cafion  and  on  the  hills  many  hi»rses 
'e  grazing,  and  some  few  cattle,  but  the  latter  were  iu  nearly  every  case  poor  and 
bwuy,  although  the  feed  was  excellent,  and  this  I  attributed  to  the  lack  of  salt. 
ice  we  kept  on  our  way  over  a  country  which  commenced  to  give  evidences  by  its  i 

etation  that  we  were  approaching  more  nearly  to  the  sea-level  and  a  more  moist  con-  | 

on  of  the  atmosphere,  until  we  came  to  Oak  Grove,  a  stage  station  and  store,  where  ^ 

road  debouches  from  the  Mutton  Mountains  into  the  plains  or  valley  called  Oak  \ 

>ve.    Here  I  found  the  rest  of  the  party,  and  sending  Mr.  Karl  to  survey  the  new  I 

d  which  leaves  this  valley  and  joins  the  Barlow  road  and  crosses  the  mountains  to  * 

south  of  Mount  Hood,  I,  with  the  main  party,  kept  on  across  the  plaius  of  Oak  *  I 

)ve  to  Tygh  Valley.      This   plain  has  several  valley  settlements  in  it,  the  most  f, 

able  being  the  Womack  settlement  and  that  around  Wappinitia,  the  main  post-  I 

ce  of  the  valley.     It  is  quite  well  covered  with  grass,  and  is  being  rapidly  settled  ^ 

aa  it  has  been  pretty  thoroughly  demonstrated  that  crops  of  cereals,  potatoes,  and 
its  can  be  raised  in  this  country  without  irrigation,  and  water  enough  for  domestic 
poses  can  be  obtained  by  sinking  wells.  ' 

*rom  this  plain  we  descended  into  Tygh  Valley,  which  is  at  the  bottom  of  the  old  cut 
ie  by  the  White  and  Tygh  Rivers.  It  lies  about  500  feet  below  the  Oak  Grove 
in,  and  is  a  level,  pretty  valley,  some  ten  miles  long,  and  averaging  about  on^  to 
I  and  a  half  miles  wide.    The  White  River,  with  its  whitish  muddy  waters,  bi*eaks 

of  its  rocky,  clear-cut  cafion  into  the  valley,  and  is  joined  by  the  Tygh  Creek,  the 
>  forming  a  considerable  stream,  which  at  the  east  end  of  the  valley  Sows  into  the 
Kihutes.  Before,  however,  reaching  the  Deschutes  it  runs  over  a  precipice,  forming  a 
y  pretty  waterfall,  where  Mr.  Sherar,  Ihemostenterprisingbusinebsmauof  the  region, 
\  built  and  is  running  a  fine  Hour  mill.  FromTygh  Valley  to  The  Dalles  the  distance 
the  road  is  about  thirty  miles,  and  leads  over  a  succession  of  hills  and  ridges,  grad- 
ly  diminishing  in  altitude  until  the  Columbia  is  reached.  In  this  region  there  are 
eral  streams  of  water,  but  as  they  run  in  deep  cuts,  the  water  is  only  available  for 
gation  on  the  lands  at  the  bottom  of  these  cuts,  and  it  has  until  within  a  year  or 
>een  considered  that  all  the  land  of  these  rolling  hills  was  useless  for  agricultural 
poses.  But  within  a  short  time  different  ideas  have  prevailed,  and  now  farmers 
rapidly  settling  up  the  country  and  raising  good  crops.  And  it  is  claimed  that 
ter  crops  of  grain  can  be  raised  on  the  hills  than  in  the  bottoms 
>ur  first  view  of  the  Columbia  was  very  disappointing,  for  looking  down  upon  it 
m  the  hills  above  The  Dalles  it  appears  a  very  sniall  streum,  winding  its  way  through 

rents  of  a  great  bed  of  basaltic  rock,  while  to  the  north  were  the  great  dry,  barren- 
king  Klikatat  Hills ;  and  in  the  nearer  foreground  the  rocky  flat«,  partially  covered 
h  dunes  and  heaps  of  drifting  sand,  marked  a  very  picture  of  desolation.  Below 
I  at  The  Dalles,  imwever,  the  river  widens  out  nobly,  and  its  waters  are  breasted 
bhe  steamers  of  the  Oregon  Steam  Navigation  Company,  which  has  also  built  a 
road  around  the  unnavigable  portion  of  the  river  above  The  Dalles,  from  the  lat- 
place  to  Celilo,  whence  others  of  their  boats  carry  passengers  oukUp  the  river, 
he  Dalles  is  the  most  important  town  of  Oregon  eiist  of  the  Cascades,  the  county 
;  of  Wasco  County,  and  is  situated  at  the  head  of  navigation  of  that  portion  of 

river  between  the  Cascades  of  the  Columbia  and  the  narrows  above  the  town. 
B  is  the  grand  entrepot  for  all  the  great  interior  basin  of  Oregon  and  for  a  large 
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part  of  Washington  Territory,  and  it  is  safe  to  assnme  that  there  are  more  than  40,000 
square  miles  ^vhose  white  iubabitants  draw  their  supplies  almost  exclusively  from  The 
Dalles.  This  assumes  a  large  forwarding  business,  continually  increasing,  which  is  en- 
tirely done  by  wagons.  The  town  is  well  supplied  with  water  from  Mill  Creek.  The 
population  is  about  1,500  souls. 

At  The  Dalles  1  found  an  astronomical  monument  which  had  been  erected  and  its 
position  determined  by  Mr.  Clark,  and  in  obedience  to  instructions  1  set  about  Uie 
work  of  tindiug  and  measuring  a  base  line  and  develpping  it.  1  selected  a  base  ex- 
tending from  just  west  of  the  burying-ground,  near  the  old  mission,  to  a  point  in  the 
race-course,  about  one  und  three- fourths  miles  in  length.  This  was  carefully  cleared 
away  and  measured,  but  as  we  had  no  standard  rods  to  compare  oar  tape,  it  bad  to  be 
sent  to  Washington  to  be  compared  there  as  we  used  it.  There  being  no  good  nataral 
Xjoiuts  in  the  vicinity,  1  develope<l  the  base  to  the  Klikatat  Hills,  previously  building 
monuments  upon  them  about  twelve  miles  apart  on  the  two  hignest.  These  hills  lie 
just  north  of  the  Columbia  River,  with  a  narrow  belt  of  bottom  land  intervening. 
They  are  covered  with  bunch>grass,  and  some  fine  springs  exist,  which,  however,  do 
not  furmsh  w^ater  enough  for  the  great  number  of  cattle  and  sheep  that  could  find  sus- 
tenance thereon.  Beyond  these  hills  lies  Klikatat  Valley,  through  which  runs  Klika- 
tat River,  discharging  its  water  into  the  Columbia  several  miles  below  The  Dalles.  This 
is  a  very  fine  valley  of  many  miles  in  extent,  and  studded  over  with  houses  and  claim 
shanties.  Away  to  the  north,  at  the  foot  of  the  wooded  hills,  lies  Golden  Dale,  the  val- 
ley town.  All  the  supplies  of  the  valley  are  procured  at  The  Dalles,  and  all  products 
find  a  market  there.  The  rivers  and  the  hills  form  a  great  drawback  to  the  valley,  as 
to  ^et  to  The  Dalles  it  is  necessary  to  cross  the  Columbia  on  a  ferry-boat,  to  which  the 
legislatures  of  Oregon  and  Washington  Territory  have  given  the  right  to  char^  exor- 
bitant prices  fur  services  perlormed,  and  also  to  cross  these  hills  by  a  winding  road 
which  ascends  some  3,000  feet  in  about  ten  miles,  and  descends  in  about  the  same  dis- 
tance. 

While  engaged  on  the  base  measurement,  one  party  under  Mr.  Karl  was  kept  at  work 
doing  topography  about  the  vicinity  of  Mount  Hood,  both  south  and  north  of  the 
peak.    On  the  27th  of  October  we  had  finished  measuring  the  base.    The  aziniutl^ 
taken  here  is  not  t^  be  relied  on,  as  the  instrument  used  was  old  and  unreliable,  ai)^ 
unprovided  with  an  axis- level. 

On  the  29th,  Mr.  Kahler,  Mr.  Goad,  Collins,  and  Condit  started  on  their  return  to  Bi^' 
well,  by  the  Canon  City  road  to  old  Camp  Watson,  across  to  the  Harney  road,  and  v  *^ 
Warner  Valley.    An  account  of  the  trip  is  appended.    On  the  30th  Mr.  Henshaw  1©^^ 
us  to  return  to  Washington,  and  we  left  The  Dalles  and  marched  along  the  river-roa 
to  Miller's  Bridge,  which  crosses  the  Deschutes  near  its  month.    The  town  of  Ccli 
lies  just  below  the  mouth  of  the  Deschutes,  on  the  Columbia,  and  is  the  eastei 
terminus  of  the  railroad  from  The  Dalles  and  the  landing  place  for  the  Oregon  8tea 
Navigation  Company's  steamers  which  ply  up  the  river.    From  the  bridge,  which  is 
strong,  well-kept  structure,  we  proceeded  up  the  Columbia  by  the  wagon-road  un 
opposite  Columbus,  where  there  is  a  ferry.    Here  we  left  the  road  and  went  over  1 
trail  along  the  blull's.    This  is  an  excellent  type  of  a  good  Indian  trail,  very  pictu 
e^que  and  well  selecred.    We  camped  at  Grant*s  Landing,  and  made  a  station  on  t' 
highest  peak  of  the  Klikatat  Hills,  opposite  Celilo.    The  hills  are  covered  with  gr 
bur  water  is  lacking. 

From  Celilo  we  turned  southward,  traversing  the  section  of  country  lying  betwe 
the  Deschutes  and  the  John  Day  Rivers.  From  the  great  bend  of  the  John  Day 
Bridge  Creek  tbe  river  runs  nearly  due  north,  as  also  does  the  Deschutes,  the  t 
rivers  foiming  the  two  sides  of  a  parallelogram  about  seventy  miles  long  and  thi 
miles  wide.  The  cafions  of  both  rivers  are  very  deep  and  steep,  and  the  land  rises  i^^ 
rouiidihh  hills  with  inteiveuing  ravines  and  lowlands.  The  soil  of  nearly  all  t 
(>ection  is  excellent,  and  is  covered  with  a  luxuriant  growth  of  bunch-grass, 
fortunately,  there  is  a  great  lack  of  wnter,  which  will  hinder  its  speedy  settleui 
very  much.  These  hills  are  bare  of  timber,  and  and  are  called  haystacks  from  tl 
sbnpe  and  their  covering  of  grass.  At  Grass  Valley,  where  thei'e  is  a  little  streanr^^— *^»  • 
peti lenient  is  formiijg,  and  water  is  very  easily  obtained  by  digging  a  short  distan^*^^*^®' 
We  crossed  the  Deschutes  again  by  Sherar's  Bridge,  at  the  lower  end  of  Tygh  Vail-  — ^^yt 
being  obliged  to  go  by  way  of  the  Mutton  Mountains  and  the  Warm  Springs  Age*:^  ^^^ 
for  8n]>plies.  Some  idea  of  the  difliculty  of  crossing  the  Deschutes  and  the  depths  i  JJ^ 
its  canon  is  shown  by  the  fact  that  we  descended  constantly,  by  a  well-graded  rt__^ — >««» 
tbrouj^h  side  canyons  for  a  distance  of  six  miles  before  reaching  the  bridge,  f  ^^™ 
Mr.  Siierar  haw  constructed  a  very  ingenious  little  fish-trap  for  taking  salmon,  whic 
preserves.  Near  tbe  bridge  there  are  some  little  falls,  and  a  small  rocky  island 
above  the  falls  separates  the  cbannels  forming  the  falls  and  a  little  side  chute  a 
easier  of  ascent  for  tbe  fish  than  the  falls.  At  the  head  of  this  chute  he  has  ma 
trap  which  receives  the  fish  and  forces  it  to  find  egress  through  a  fiume  w 
gently  conducts  it  to  the  fish-house,  from  which  it  only  emerges  after  being  kille(^ 
salted. 
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orking  several  days  among  the  Mutton  Mountains,  we  returned  to  the  agency 
n  a  supply  of  provisions  furuur  trip  to  Camp  Bid  well.  We  all  received  much 
at  the  hands  of  Captain  Smith,  the  Indian  agent,  and  his  assistants,  and  I 
ear  testimony  to  his  great  success  in  the  management  of  the  Indians  and 
ancement  in  the  arts  and  customs  of  civilization.  From  a  state  of  savage 
ion  he  has  in  a  few  years  taught  them  to  build  and  live  in  houses,  to  culti- 
^round  with  improved  agricultural  instruments,  to  provide  in  proper  season 
)  wants,  to  wear  ordinary  clothing,  to  respect  age  and  womanhood,  to  attend 
ous  exercises,  to  learn  trades,  and  to  dispose  of  their  ponies  and  purchase 
L  good  school  is  in  operation.  Some  of  the  children  show  a  very  considerable 
for  learning.  These  remarks  apply  mostly  to  the  Wasco  tribe,  on  whose  par- 
»main  the  agency  is  situated.  The  Warm  Springs  are  still  in  much  more  of 
nature,  living  in  wigwams  of  skins  or  cotton,  and  subsisting  chiefly  by  hunt- 
ishing. 

g  the  agency,  we  crossed  again  the  Deschutes  by  the  Indian  Ferry  and  bade 
bo  this  beautiful  river.  Traveling  on  by  the  settlement  at  Willow  Creek  we 
y  the  road  to  the  mouth  of  Grizzly  Butte  to  Prineville,  a  thriving  t^wn  sit- 
;he  junction  of  Ochoco  and  Crooked  Rivers,  and  in  the  midst  of  a  stock-raising 
mltural  district.  Several  good  stores,  mills,  shops,  &c.,  are  here,  and  it  is 
rapidly.  After  remaining  here  one  day  we  started  in  a  drizzling  rain  to  cross 
t  to  Silver  Lake.  Our  first  day's  march  of  2^  miles  brought  us  to  Green's 
here  we  had  plenty  of  good  water,  wood,  and  grass.  I  could  not  resist  the 
>u  to  remain  over  one  day  and  hunt  in  this  vicinity,  where  the  mule  deer  is 
We  were  rewarded  by  having  seven  deer  in  camp  at  night.  This  desert 
especially  the  mountains  and  hills  about  Bear  Creek  and  the  Bear  Creek 
I  the  great  winter  ran<i:e  for  the  deer  of  the  Cascades.  Leaving  Green's  our 
ering  place  was  Laughton's,  to  reach  which  we  traveled  two  days,  making  a 
at  night.  The  water  hern  U  very  scant  and  poor,  and  has  to  be  dippecl  up 
isin  from  a  deep  hole  in  the  ground. 

st  camp  was  on  Christmas  Lake,  at  Button's  Ranch,  and  from  here  we  marched 
Lake,  and  the  desert  was  crossed.  We  passed  at  Button's  within  a  short  dis- 
out  eleven  miles,  of  the  sandy  desert  where  the  petrified  animal  remains  have 
nd,  and  at  the  ranch  we  secured  some  fine  specimens.  The  desert  that  we 
I  in  some  places  rocky  and  in  others  has  a  scanty  growth  of  grass  and  sage- 
d  some  junipers  on  the  hills;  taken  as  a  whole,  it  is  abot\t  as  worthless  a 
IS  it  is  possible  to  find.  It  extends  from  the  Cascades  to  the  Rocky  Mountains, 
idrh  ot  from  100  to  200  miles.  This  vast  area  is  crossed  by  several  rivers,  has 
>auis,  sinks,  and  springs,  but  on  the  whole  is  a  very  desolate  country.  We 
d  to  get  to  Silver  Lake  and  among  the  settlements  again.  This  lake  is  a 
I- water  sink,  fed  by  Bear,  Bridge,  and  Silver  Creeks,  bringing  down  the  water 
I  mountains  to  the  west.  Around  the  lake  there  are  a  goodly  number  of 
especially  about  the  west  and  northwest  in  the  bottom  lands  traversed  by 
9-mentioned  creeks.  The  road  for  the  south  leaves  Silver  Lake,  and  passing 
ogh  rocky  dividing  range  of  hills  descends  into  Sumner  Lake  Valley,  and  con- 
m  down  the  west  shore  of  the  lake  it  cronses  over  into  Chewaucan,  and  down 
5y,  and  crosses  the  dividing  ridge  into  Goose  Lake  Valley.  Thus  we  have  a 
us  string  of  valleys  with  low  divides  extending  about  12.5  miles  nearly  north 
h,  traversed  by  a  good  road.  On  the  heavily  timbered  divide  between  Chew- 
d  Goose  Lake  there  is  a  good  saw-mill  *^'hich  furnishes  the  people  of  the 
^ith  lumber. 

luksgiving  day,  November  28,  we  reached  Lakeview,  the  county  seat  of  Lake 
Oregon,  and  a  thriving  town.  Hence  we  marched  to  Camp  Bidwell,  going 
3w  road  being  built  by  Mr.  Ayers  across  the  Warner  Mountains.  This  is  an 
road,  and  will  be  the  chief  route  across  the  mouutaius  when  fully  coiuplered. 
ached  Camp  Bidwell  on  the  last  day  of  November,  abont  five  o'clock,  and 
alf  an  hour  the  side  party  under  Mr.  Kabler,  which  had  been  detached  at  The 
St  one  month  before,  came  in  also.  This  coincidence  in  time  of  arrival  after 
;  each  about  400  miles  and  working  along  the  route  was  a  little  remarkable, 
under  orders  not  to  disband  until  the  1.5th  of  December,  I  sent  Mr.  Kahler 
Eirty  to  do  some  work  in  the  unfinished  atlas-sheet  east  of  Bidwell,  which, 
,  they  were  unable  to  do,  on  account  of  a  severe  snow-storm,  and  they  wisely 
to  the  post.  After  the  work  of  the  disbanding  camp  was  done,  I  sent 
[abler,  Goad,  and  Pitcher  in  an  ambulance,  kindly  furnished  by  the  qnarter- 
f  the  post,  to  Reno,  meandering  the  road  thereto.  This  finished  the  field  sea- 
78,  so  far  as  work  in  the  field  was  concerned. 

irty  of  four  men,  consisting  of  Mr.  C.  P.  Kahler.  Mr.  T.  W.  Goad,  Frank  Col- 
Jack  Condit,  which  left  The  Dalles  October  29,  moved  first  to  the  southeast, 
ing  the  road  and  puttingiu  the  topography  of  the  country  between  The  Dalles 
ar's  Bridge  across  the  Deschutes.  Thence  the  party  crossed  the  river  and 
ip  the  country  lying  between  the  John  Day  and  the  Deschutes  Rivers,  in  the 
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southeastem  part  of  atlas-sheet  20  A.  This  section  is  to  a  great  extent  covered  with 
rich  bunch-grass;  in  some  part«,  however,  it  is  rocky  and  covered  with  small  bowlders. 
The  conntry  is  cut  np  with  canons  debouching  into  the  Deschutes  or  John  Day  and 
many  branch  ravines  and  caQons.  Water  in  small  qnantities  is  found  in  many  of 
these  cafions,  and  also  considerable  timber — cotton  wood  and  willow.  After  spending 
some  time  about  this  country,  the  party  struck  out  for  Camp  Bid  well,  traveling  at 
first  by  the  CaHon  City  road.  About  Cui^ra^it  Creek  and  Cherry  Creek  the  country  is 
described  as  being  very  rough  and  piled  up  into  small  hills  with  massive  jagged  rocks 
cropping  out  in  every  direction,  assuming  fantastical  shapes.  It  was  down  among 
these  hills  and  rocks  that  the  settlers  of  the  country  round  about,  during  the  Indian 
excitement  of  the  summer,  brought  their  Hocks  of  sheep  and  herds  of  cattle  and  bones. 

Leaving  the  John  Day  River  at  the  mouth  of  Bridge  Creek,  the  party  proceeded 
along  the  road  up  this  creek,  and  over  the  mountain  road,  towards  Old  Camp  Watson. 
Mr.  Kahler  says  of  this  section  :  **  All  the  section  that  we  have  traveled  through  to- 
day, and  some  distance  to  the  eastward,  presents  a  rich  field  for  the  geologist— every 
variety  of  rock,  quartz^  sandstone,  granite,  limestone,  conglomerate,  &c.  Numbers  of 
foBsil  remains  of  animals  of  different  kinds,  also  the  impression  of  palm  leaves  and 
other  tropical  plants,  have  been  found  in  the  strata  on  which  the  rim-rock  rests.  The 
country  presents  the  same  rugged,  broken  appearance  as  that  we  passed  through  yes- 
terday. With  the  exception  of  where  we  are  camped  this  evening,  the  country  has 
been  pretty  well  cleared  of  grass  by  the  sheep  and  cuttle.  The  country  is  fast  filling 
np  with  settlers.'^  Over  the  mountains  to  the  southward,  through  a  couutry  alte^ 
nately  covered  with  grass  and  destitute  of  all  vegetation,  the  party  traveled  and  came 
to  Beaver  Creek,  a  tributary  of  the  Crooked  River.  From  Beaver  Creek  across  to  Buck 
Creek  the  route  lay  through  Long  Hollow,  well  watered  and  with  great  quantities  of 
grass.  From  Buck  Creek,  across  a  timbered  ridge,  the  party  passed  to  Silver  Creek, 
and  camped  at  Old  Camp  Curry. 

Mr.  Kahler  says :  **  Making  an  early  start  from  Camp  Curry,  our  course  was  to  the 
southeast  down  Silver  Creek  for  about  25  miles.  All  the  country  from  Camp  Cnrry 
shows  strong  evidences  of  the  devastation  committeed  by  the  ludian  raiders.  With 
the  exception  of  the  ranch  near  which  we  are  camped  to-night,  all  are  deserted.  About 
all  of  the  ranches  are  to  be  seen  the  carcasses  of  the  horses  and  cattle  killed  by  the 
Indians.  From  Camp  Curry  our  route  lay  over  a  flat  alkali  country,  covered  with 
sage-brush  and  greasewood  and  in  season  with  tolerable  grass,  to  a  point  where  Silver 
Creek  passes  through  a  rocky  gorge,  about  Vi  miles  from  Camp  Curry.  It  was  at  this 
point  that  Captain  Bernard  had  a  light  with  the  Indians,  and  near  are  the  stone 
breastworks  thrown  up  by  his  men." 

Thence  the  party  marched  until  the  Harney  road  was  reached,  and  on  this  road  across 
the  desert  to  Mule  Springs,  and  thence  to  Warner  Valley,  and  by  the  main  traveled 
road  to  Bidwell,  which  point  it  reached  November  30.  The  party  experienced  many 
hardships,  as  it  was  very  cold  and  stormy  most  of  the  time,  rain  and  snow  falling,  and 
the  roads  being  either  very  muddy  or  frozen  and  slippery. 

The  results  of  the  field-work  of  this  section  of  the  survey  have  been  to  give  three 
and  partially  four  reconnaissance  lines  across  Oregon  from  California  and  Nevada  to 
the  Columbia  River.  These  lines  were  all  carefully  meandered,  the  couutry  as  far  as 
possible  in  the  vicinity  examined  and  sketched,  profiles  run  with  cistern  and  aneroid 
barometers,  and  checks  made  at  frequent  intervals  by  sextant  latitude  observatious. 

Particular  attention  was  paid  to  gaining  such  information  as  will  be  useful  in  a  more 
thorough  and  elaborate  survey  of  the  area ;  peaks  suitable  for  triaogulation  and  topo- 
graphical purposes  were  located  as  closely  as  possible;  the  general  characteristics  of 
the  country  were  noted  with  reference  to  the  supplies  it  can  be  made  to  furnish,  aud 
also  with  reference  to  the  accessible  and  practicable  routes  of  travel. 

Besides  these  lines,  a  base  line  was  measured  and  developed  aud  connected  with  the 
astronomical  monument  at  Tlie  Dalles,  and  the  topography  of  the  quart.er  atlas-sheet 
20  A  was  nearly  completed,  all  being  done  except  the  work  in  the  immediate  vicinity 
of  Mount  Hood,  which  could  not  be  accomplished  on  account  of  the  lateness  of  the 
season. 

The  following  is  a  numerical  list  of  the  principal  observations  made  during  the  sea- 
son, number  of  miles  traveled,  &c: 

Number  of  sextant  latitude  stations  occupied IJ 

Number  of  bases  measured .• ^ 

Number  of  azimuths  measured ^ 

Number  of  triangles  about  bases  measured ^ 

Number  of  main  triangulation  stations ^} 

Number  of  secondary  triangulation  stations * 

Number  of  meander  stations  occupied 2,195 

Number  of  variations  of  needle  taken ^ 

Number  of  miles  meandered 2,673 

Number  of  miles  traversed  and  not  meandered ^^^ 

Number  of  monuments  built .j^ ^° 
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ir^nmber  of  camps  made  duriug  season 128 

If uml>er  of  cisiem-baroraeter  8t4ition8 169 

!^nml>erof  aneroid  stations 1,570 

Xli^best  altitude,  approximately  (feet) * 9, 500 

Xowest  aUitnde,  approximately  (feet) 310 

Uumber  of  tbermal  springs 3 

Tf  umber  sets  sextant  time  observatioos 22 

l^umber  seta  hourly  barometric  observations 1 

dumber  of  pointings  at  main  and  secondary  triangulation  stations 803 

l^umber  of  rivers  and  creeks  )(auged .' 1 

l^uuiber  of  rock  specimens  collected 2 

ICumber  of  specimens  of  mineral  waters  collected 1 

Kumber  of  zoological  specimens  (about) : 1,000 

I  have  the  honor  to  be,  very  respectfully,  your  obedient  servant, 

T^OMAS  W.  Symons, 

Lieutenant  of  Engineers. 
Capt.  George  M.  Wheeler, 

Corps  of  Engineers,  in  charge. 
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KEPORT  OF  lieutenant  EUGENE  GRIFFIN,  CORPS  OF  ENGINEERS,  IN  CHARGE  OF 

party  no.  2,  colorado  section,  season  of  1878. 

United  States  Engineer  Office, 
Geographical  Surveys  West  of  the  100th  Meridian, 

Washitigton,  D,  C,  March  26,  1879. 

8iR :  I  have  the  honor  to  submit  the  following  report  of  the  operations  of  party  No.  2i 
Colorado  section,  of  the  surveys  west  of  the  lOOth  meridian  daring  the  field  season  of 
978. 

^  On  the  5th  of  July,  in  accordance  with  your  orders,  I  left  Washington  for  Fort  Union, 
^ew  Mexico,  the  rendezvous  camp  of  party  No.  2,  Colorado  section.  I  was  delayed  at 
Port  Garland,  Colo.,  assisting  Lieutenant  Birnie  in  fitting  out  his  party  (party  No.  1, 
Z^olorado  section),  and  on  other  duty,  reaehing  Fort  Union  on  the  21st.  On  the  4th 
*t  Angnst  the  party  was  completed  and  readv  to  take  the  field,  organized  as  follows : 

Lieutenant  GriflSn,  executive  officer  and  field  astronomer;  Mr.  F.  O.  Maxson,  topog- 
apher ;  Mr.  W.  G.  Walbridge,  assistant  topographer ;  Mr.  Mark  B.  Kerr,  meteorolo- 
:iBt ;  Mr.  W.  A.  Phillips,  jr.,  odometer  recorder;  three  packers,  and  one  cook.  The 
»arty  was  provided  with  the  usual  allowance  of  instruments,  the  necessary  camping 
outfit,  eight  riding-mules,  twelve  pack-mules,  and  one  horse. 

My  instructions  were  to  proceed  southward  from  Fort  Union  to  Fort  Stanton,  com- 
pleting, on  the  way,  the  detailed  meander  work  in  atlas-sheets  78  A,  78  C,  and  77  D ; 
.  fter  refitting  at  the  latter  post  to  carry  on  the  detailed  topographical  survey  of  atlaa- 
ilieets  84  D,  and  that  part  of  84  C  lying  eastward  of  the  Rio  Grande. 

On  the  5th  day  of  August  the  party  left  Fort  Union,  and  topographical  work  was 
i  ommeuced  on  the  following  morning,  the  party  filling  in  those  portions  of  sheets  78  A 
^nd  78  C  where  additional  details  were  required.  At  Pozos  del  Pino,  or  Alkali  Holes, 
>n  the  14th,  the  party  was  divided,  Mr.  Maxson,  with  Mr.  Kerr  and  one  packer,  passing 
«)  the  east  of  the  Gallinas  Mountains,  and  the  remainder  of  the  party  to  the  west, 
'lios  enabling  us  to  complete,  at  once,  all  work  requisite  for  the  final  plot  of  atlaa- 
^lieet  77  D.  On  the  17th  Mr.  Maxson  reached  Stanton  with  his  party,  and  I  arrived 
>D  the  18th. 

This  area  has  been  traversed,  in  previous  years,  by  parties  of  the  survey,  and  com- 
plete descriptions  of  the  country  given  in  tbeii  reports.  The  narrow  belt«  which  we 
Worked  np  presented  no  marked  features,  and  differed  in  no  respects  from  their  sur- 
roundings ;  they  do  not,  therefore,  require  further  remark.  Sheets  84  D  and  84  C,  the 
survey  of  which  constituted  our  main  season's  work,  had  never  been  entered  previously 
iDy  parties  of  the  survey.  To  give  an  intelligent  idea  of  our  movements  necessitates 
^  brief  description  of  the  country  in  which  we  operated. 

Sheets  84  D  and  84  C  are  included  between  the  parallels  of  33^  10'  on  the  north  and 
Z^29  20'  on  the  south,  and  longitudes  105^^  30'  on  the  east  and  lOfcO  l.V  on  the  west.  The 
«rea  designated  for  the  party  to  occupy,  however,  was  limited  by  the  Rio  Grande  on 
"^he  west,  which  included  culy  about  two-ninths  of  sheet  84  C.  This  designated  area 
^s  approximately  5,618  square  miles^ 

Bordering  the  Rio  Grande  lies  the  Caballo  range  of  mountains,  trending  nearly  north 
^nd  south.  Rising  rugged  and  precipitous  in  the  north,  they  decrease  in  elevation 
^ward  the  south,  hnally  dividing  into  a  double  range,  and  sinking  gradually  to  the 
^laiu  in  latitude  32^  40',  where  the  river  bends  to  the  east.  But  little  water  is  found  in 
^heae  mountains ;  indeed,  nearly  all  this  portion  of  the  Territory,  except  a  strip  of 
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varying  width  bordering  the  river,  i8  dry,  and,  were  one  dependent  on  natural  water 
supplies,  woald  be  well  nigh  impassable. 

About  thirty- three  miles  to  the  east  are  the  San  Andreas  Mountains.  These  also  lie 
meridianally,  and  are  more  elevated  and  broken,  more  barren  and  dry  than  the  Caballo 
Range.  They  are  a  southern  prolongation  of  the  Oscuro  Mountains.  In  latitude  ;)2^  '&' 
they  break  down  nearly  to  the  plain,  forming  the  San  Augustin  Pass.  South  of  tbU 
they  rise  even  higher  than  before,  and  are  there  called  the  Or^an  Mountains.  The 
towering^  conical,  and  slender  pinnacles  rising  in  profusion,  but  with  regularity,  reeem* 
ble  the  x>ipes  of  an  immense  organ,  and  suggested  the  name,  which  is  certainly  appro- 
priate. Again,  they  are  broken  by  the  Solenad  Pass,  and  south  of  this  they  are  known 
as  the  Soledad  Mountains,  and  still  further  down  as  the  hi  Paso  or  Franklin  Monn- 
tains.  Near  the  town  of  Franklin,  Tex.,  they  come  to  an  abrupt  termination.  The 
Rio  Grande,  bending  ealbtward,  outs  through  the  range,  forming  here  the  boandary 
between  the  United  States  and  Mexico. 

The  Jornada  del  Muerto  (Journey  of  Death)  lies  between  the  Caballo  and  San  AndresA 
Mountains.  This  is  a  dreary  level  waste,  stretching  from  the  Fra  Cristobal  Range  on  the 
north  for  some  ninety  miles  to  the  south.  It  is  covered  with  fine  gramma  grass, 
but  the  scarcity  of  water  renders  it  valueless  for  grazing  purposes.  The  Ojo  del 
Muerto  (Spring  of  the  Dead),  near  the  north,  Toussaint's  Ranch,  Martin's  Well,  and  a 
stage  station  at  the  Point  of  Rocks  are  the  only  places  where  water  is  to  be  found. 

East  of  the  San  Andreas  Mountains  is  another  plain,  a  sandy  desert,  stretching  for 
some  43  miles  to  the  east  and  terminated  there  by  the  Sacramento,  Guadalupe,  and 
Hueco  Mountains.  This  was  over  the  bed  of  an  ancient  ocean,  but  the  waters  have 
long  a^o  receded,  leaving  only  salt  lakes  and  marshes  dotting  che  plain  and  surrounded 
by  quicksands.  In  brief,  the  area  to  be  surveyed  consisted  of  three  parallel  ranges  of 
mountains,  separated  by  two  extensive  plains  or  deserts. 

It  was  considered  advisable  to  work  up  the  San  Andreas  Range  at  once,  during  the 
rainy  season,  as  later  on  it  would  be  more  difficult  if  not  impossible,  owing  to  the 
scarcity  of  water.  The  necessary  repairs  to  the  outfit  being  completed,  on  Monday,  the 
26th  day  of  August,  the  party  left  Fort  Stanton.  For  three  days  we  were  accompanied 
by  Lieutenant  Wright,  Ninth  Cavalry,  and  twenty  Navajo  Indian  scouts,  who  being 
skillful  hunters,  kept  us  supplied  with  game.  On  the  27th  we  reached  the  Mai  Pais, 
an  immense  lava  bed,  which  had  been  surveyed  the  previous  year  by  Lieutenant  Mor- 
rison, Sixth  Cavalry.  Crossing  this  by  one  of  the  only  two  practicable  or  possible 
routes,  we  proceeded  down  the  western  edge,  and  on  the  30th  entered  the  area  of  atlas- 
sheet  84  D,  making  camp  at  a  water-hole  fortunately  filled  by  recent  rains.  Mr.  Max- 
son,  with  one  packer  and  ten  days'  rations,  left  us  at  the  camp,  to  work  down  the  ran^, 
carrying  the  meander  well  over  to  the  western  border  and  into  the  Jornada.  This  dim- 
cult  and  laborious  operation  was  completed  with  his  usual  skill  and  success. 

From  the  Mai  Pais  Spring,  at  the  southern  point  of  the  lava-bed,  a  wagon-road  mns 
south,  along  the  eastern  edge  of  the  monntains,  to  the  San  Augnstin  Pass.  The  main 
party  meandered  this  road,  and  obtained  all  the  details,  both  of  the  plain  and  the 
mountains  in  the  vicinity.  The  road  followed  was,  at  times,  hardly  passable;  pools 
of  water  were  seen,  but  investigation  showed  them  to  be  salt,  and  the  surrounding 
quicksands  made  them  difficult  of  approach ;  a  running  stream  of  the  clearest  water 
was  also  salt,  and  on  following  the  road  to  the  edge  of  an  immense  salt-marsh  we 
found  ourselves  plunged  in  a  dangerous  quicksand.  With  difficulty  the  pack-moles 
were  extncated,  and,  abandoning  the  road  for  a  time,  we  continued  our  journey  on  the 
higher  ground  near  the  mountains.  No  water  was  fcmnd  at  the  end  of  the  first  day's 
march,  and  onr  camp  was  made  on  the  sand,  with  but  little  if  any  grazing  for  the 
animals.  On  the  following  night  we  camped  at  the  San  Nicholas  Spring,  about  two- 
thirds  of  a  mile  up  a  cafion  in  the  mountains. 

The  clearness  of  the  atmosphere  at  the  high  altitude  we  were  in  (about  4,200  feet), 
made  objects  distinctly  visible  at  almost  incredible  distances.  From  this  camp,  look- 
ing across  the  almost  level  desert  at  our  feet,  we  could  see  the  Sacramento  Mountains 
on  the  farther  side.  Their  outline  could  be  clearly  traced  ;  the  mouths  of  the  immense 
cafions  which  abound  on  their  western  borders  were  distinctly  visible;  the  giant 
masses  of  rock  forming  the  sides  of  the  cafions,  rising  in  some  places  to  a  vertical 
height  of  2,000  feet,  seemed  so  near  that  the  mind  refused  to  credit  their  extreme  dis- 
tance of  50  miles. 

We  remained  at  this  camp  for  five  days,  obtaining  the  topography  in  the  vicinity, 
and  being  detained  by  heavy  thunder-storms.  Mr.  Maxson  arrivea  on  the  6th,  and  on 
the  9th  the  main  camp  was  transferred  to  San  Angustin.  The  Organ  Mountains  on 
the  south,  and  the  San  Andreas  Range  on  the  north,  bending  westward  at  this  point, 
form  an  immense  rincon,  open  to  the  east  and  rising  gradually  to  the  San  Angustin 
Pass.  On  the  northern  slope  of  the  Organs  are  several  springs,  and  here  two  dwellings 
have  bi^en  erected,  forming  the  town  of  San  Angustin. 

In  1866  Mr.  W.  F.  Shedd  made  the  first  settlement  here,  and  Shedd's  ranch  is  widely 
known  in  this  country,  more  so,  perhaps,  than  the  more  recent  appellatiou  of  San 
Angustin.  It  is  only  within  the  last  few  years  that  traveling,  even  in  parties  of  con- 
siderable size,  has  been  safe  in  this  vicinity,  on  account  of  the  Indians.    The  ereccion  of 
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(ts  and  the  increased  namberof  troops  have  confined  the  Indians  more  closely 
^rrations,  and  the  traveler  is  now  comparatively  safe.  The  grazing  on  the 
I  slopes  is  excellent ;  though  not  luxurious,  the  grass  seems  to  possess  great 
>roperties,  and  supports  a  flock  of  some  10^000  sheep  and  several  herds  of 

igon-road  leading  over  the  pass  crosses  the  Jornada  del  Mnerto  to  Las  Cmces 
—two  towns  on  the  Rio  Grande.  A  branch  from  this,  just  across  the  pass, 
town  of  Dolla  Ana,  a  few  miles  north  of  Cruces.  From  the  pass  a  road 
to  Fort  Selden,  on  the  river.  On  the  11th  the  party  crossed  the  pass,  and^ 
[ke  Selden  road,  while  Mr.  Maxson  meandered  that  by  way  of  Dona  Ana, 
1;  Selden  the  same  night. 

ien  had  ceased  to  be  a  military  post,  but  the  Government  property  still 
;uarded  by  a  small  detachment,  uuder  command  of  Lieutenant  Cory,  Fif- 
Qtry. 

ting  the  transportation  two  days  at  this  post,  we  Journeyed  northward 
I  Jornada  over  a  well-traveled  stage- road,  remained  in  camp  one  day  at  the 
cks,  while  the  topographers  were  working  in  the  vicinity,  and  reached  Ale- 
tin's  Well  on  the  16tb.  Here,  in  the  center  of  this  vast  sandy  plain,  is  a 
3  water,  having  a  depth  of  160  feet. 

rth  we  camped  at  the  abandoned  post  of  Fort  McRae.  On  the  19th  we 
Caballo  Mountains  over  the  Palomas  Pass,  and  made  camp  on  the  bank 
r.  The  pass  is  utterly  impassable  for  wagons;  in  fact,  it  can  hardly  be 
8,  as  the  trail  leads  directly  over  the  crest  of  the  mountains,  hardly  lower 
t  than  at  others.  It  was  a  delightful  change  from  the  barren  plains  on 
ad  been  traveling  to  the  rich,  fruitful  country  in  which  we  now  found  onr- 
>ween  the  mountains  and  the  river  the  soil  is  fertile  and  well  cultivated, 
ly  trees  afforded  us  a  grateful  shelter  from  the  scorchiug  sun.  Wat<ermel- 
upes,  fruits,  and  vegetables  of  all  kiods,  and  chili,  the  national  dish  of  the 
rere  plentiful  and  cheap.  The  gronnd  is  irrigated  by  acequias  or  ditches, 
ing  from  the  river  several  miles  above  the  town  which  they  are  intendea 
dUow  a  gentle  slope,  and  distribute  the  water  by  side  drains  throughout 
The  acequias  are  municipal  works,  and  the  major-domo  de  las  acequias,  or 
lent,  an  important  municipal  functionary,  is  elected  by  the  people.  In 
lergency,  he  is  empowered  to  turn  out  the  entire  population  to  save  the 
lich  is  frequently  tne  only  water-supply  of  the  village, 
cached  the  northern  limit  of  our  work,  and  after  remaining  four  days  in 
to  enable  the  topographers  to  complete  their  notes,  we  started  down  the 
3  morning  of  the  24th.  *  Our  object  now  was  to  meander  the  river,  and  at 
me  obtain  the  necessary  data  for  an  accurate  plot  of  the  mountains  on  our 
lowing  the  course  of  the  river,  in  many  places  we  were  obliged  to  travel  on 
Is  literally  cut  into  the  face  of  the  mountains,  which,  stretcning  out  to  the 
ited  nearly  vertical  walls.  These  difficulties  were  finally  overcome,  and  on 
)  party  reached  Fort  Selden  without  accident. 

th  we  started  southward  on  the  stage- road,  and  passing  through  Dolla  Ana, 
^as  Cruces.  Dofia  Ana  is  a  true  Mexican  town,  formerly  very  prosperous 
imercial  center  of  the  southern  part  of  the  Territory ;  now  it  has  greatly 
in  population  and  its  commercial  importance  is  entirely  gone.  Abandoned 
dwellings  line  the  plaza  and  mutely  tell  of  its  departed  glory.  Las  Cruces 
are  the  successful  rivals.  The  former  is  situated  about  nine  miles  farther 
ver,  and  is  one  of  the  most  important  towns  in  the  Territory,  having  a  pop- 
kbout  fifteen  hundred.  Mesilla,  a  few  miles  farther  south,  on  the  western 
»  river^  has  a  population  of  one  thousand. 

8t  of  October  we  reached  Fort  Bliss,  in  Texas,  46  miles  south  of  Cruces. 
y  through  which  we  had  traveled  was  a  continuation  of  the  Jornada  del 
i  marked  by  the  same  characteristics.  The  road  turns  from  the  river  bot- 
eavin^  Cruces,  and  in  following  it  we  lost  the  river  uutil  just  as  we  ap- 
art Bliss. 

s  were  quartered  in  the  little  town  of  Franklin,  occupying  buildings  rented 
irnuieut,  no  quarters  haviug  been  erected  or  reservation  designated  for  the 
-emained  in  camp  here  until  the  15th.  During  this  time  we  were  treated 
eatest  courtesy  by  all  the  officers  at  the  post,  wno  gave  us  every  assistance 
wer,  and  contributed  in  every  possible  way  to  the  speedy  and  successful 
of  our  work.  We  received  like  courtesy  and  consideration  from  all  officers 
we  came  in  contact. 

I  had  been  occupied  as  an  astronomical  station  by  Mr.  Rock,  of  the  survey, 
le  season,  and  I  had  instructions  to  connect  his  monument  with  the  main 
m  to  the  north,  and  also  to  connect  with  the  initial  monument  of  the  Mex- 
lary  Commission  which  located  the  Mexican  boundary  in  1855.  For  this 
once  commenced  the  measurement  of  a  base  line.  A  nearly  level  plain,  about 
be  east  of  Franklin,  was  selected,  and  after  the  direction  of  the  line  had 
lined  and  the  ground  prepared,  two  measurements  were  made  with  a  stack- 
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pole,  50-foot,  compensated,  Bteel  tape.   The  first  measurement  was  made  by  Messrs  Max- 
son  and  Walbridge,  and  the  second  by  Mr.  Maxson  and  myself,  resolting  as  follows: 

First  measurement,  8049'.  689+0^.  632  (temp,  correction) . . .  8050. 321 

Second  measurement,  8049^.  789-f-O'.  512  (temp,  correction  ) 8050.  M 

Mean  adopted 8050.311 

Level  correction 0.030 

Redaction  to  sea-level 1. 3iil 

Length  of  base  at  sealevel 8048.960 

The  temperature  of  the  tape  was  read  every  thousand  feet,  and  the  differeDc«  of 
level  obtained  for  the  same  distances,  the  character  of  the  ground  rendering  any  farther 
refinement  in  the  latter  respect  unnecessary.    Eight  triaugulation  stations  were  occa- 

Sled,  including  the  two  ends  of  the  base  and  two  monuments  of  the  Mexican  Bonndary 
ommission.  One  mountain-peak  was  occupied  in  Mexico.  In  this  work  Mr.  MaxsoD 
was  invaluable,  and  I  cannot  testify  too  highly  my  appreciation  of  his  zeal  and  ener^ 
and  thorough  familiarity  with  his  work.  I  am  also  indebted  to  him  for  many  timely 
suggestions,  which  his  knowledge  of  the  country  and  long  experience  on  the  survey 
rendered  doubly  valuable. 

On  the  morning  of  the  14th  Messrs.  Walbridge  and  Phillips,  with  one  packer, 
started  northward  for  San  Augustiu,  following  a  good  wagon-road  which  runs  to  the 
east  of  the  Soledad  and  Organ  Mountains.  The  last  two  triaugulation  points  of  the 
development  were  successfully  occupied  during  the  day,  and  on  the  15th  the  main 
party  followed,  abandoning  the  road,  however,  and  making  camp  at  a  little  sprin/^iu 
the  mountains.  On  the  following  day  we  climbed  and  occupied  the  North  Franklin 
Peak,  the  remaining  point  of  our  system  of  triangles.  In  the  descent,  by  an  anfortu* 
nate  accident,  the  triaugulation  instrument  was  ruined,  falling  some  400  feet  down  the 
side  of  the  mountain.  On  the  I7th  we  reached  Shedd's  ranch,  after  a  weary  march  of 
41  miles,  and  found  the  remainder  of  the  party  iu  camp  there.  Here  we  remained  for 
six  days,  the  topography  of  the  Organ  Mountains  being  obtained  by  short  triiM  from 
this  camp.  On  the  23d  I  visited  the  Stevenson  Mine  in  these  mountains,  the  only  mine 
within  the  area  we  occupied  that  has  l>een  worked.  On  the  24th  we  left  Sbedd's 
ranch  for  the  last  time  en  route  to  Fort  Stanton,  following  a  well-traveled  road.  On 
the  25th  we  camped  at  the  White  Sauds,  on  the  Mai  Pais  plain.  This  is  a  pecaliar  for- 
mation ;  an  area  of  about  46  square  miles  is  covered  to  a  mean  depth  of  about  30  feet 
with  gypsum.  At  a  distance  it  has  every  appearance  of  an  immense  snow-bank,  and 
even  on  close  approach  it  is  difficult  to  divest  oneself  of  this  impression.  The  sand  is 
rather  coarse ;  shrubs  and  bushes  grow  in  it  to  some  extent.  It  is  said  that  this  bank 
shows  a  continual  growth,  and  there  is  abundant  proof  of  its  yearly  increase  in  a  hor- 
izontal direction.  The  road  runs  close  to  it,  and  the  constant  encroachments  of  the 
3and  have  in  time  converted  what  was  formerly  a  straight  road  into  an  immense  arc 
This  is  probably  due,  however,  to  the  drifting  of  the  sand  by  the  winds  rather  than 
to  an  actual  increase  iu  the  total  bulk.  A  spring  bubbles  up  from  under  the  sand- 
bank, and  the  water,  though  not  palatable  to  man,  is  greedily  consumed  by  the  thirsty 
animals  aft^r  their  long  and  hot  journey  through  the  sands ;  it  is  strongly  alkaline 
and  mineral.  On  the  following  day  we  passed  the  Lost  River ;  a  considerable  stieam 
rushing  up  from  the  ground  like  an  immense  spring,  flows  on  about  ten  yards,  and 
sinks  as  mysteriously  as  it  rises.  The  source  and  mouth  of  this  mysterious  river  are 
unknown  ;  at  no  other  point  in  its  course  is  it  visible.  That  night  we  camped  at  the 
town  of  Tulerosa,  and  three  days  later  arrived  at  Fort  Stanton. 

After  resting  two  days  at  the  post,  we  started,  on  the  Ist  of  November,  to  complete 
our  work  in  the  Sacramento  Mountains.  On  the  2d  we  camped  at  Elk  Spring,  42 
miles  from  Stanton.  Our  camp  was  in  a  beautiful  cafion,  with  excellent  graziuK  ^^^ 
the  mules,  and  wood  and  water  in  plenty.  With  a  few  exueptions,  we  were  equally  for- 
tunate during  the  next  three  weeks.  These  mountains  are  in  reality  an  immense 
plateau,  on  their  eastern  slope  cut  by  gentle  caQons,  with  long  and  numerous  branches 
running  from  the  divide  out  towards  to  the  Staked  Plain.  On  the  western  slope  the 
cafions  qre  deep  and  rugged,  with  high,  precipitous  walls.  They  are  heavily  tim- 
bered, principally  with  pine,  though  scrub-oaks  and  quaking- aspens  are  quite  nume^ 
ous.  They  are  well  watered  by  several  streams  and  by  many  springs.  These  springs 
are  much  more  numerous  on  the  eastern  than  on  the  western  slope.  Game  is  plenti- 
ful. Bear,  deer,  and  turkeys,  especially  the  latter,  are  numerous,  and,  jnd^ug  f^^ 
the  tracks  and  cast-off  antlers,  many  elk  still  range  these  mountains,  though  it  was  not 
our  fortune  to  see  one  of  these  animals.  The  greater  part  of  the  mountains  lie  withiQ 
the  Apache  Indian  reservation,  and  this  fact  has  kept  settlers  and  prospectors  almo^^ 
entirely  out  of  the  country.  . 

Work  was  prosecuted  vigorously  until  the  22d,  suspended  only  on  the  8th  and  ytn 
by  snow-storms.  In  these  nineteen  days  we  meandered  356  miles,  and  traveled 
altogether  626  miles.  On  the  21st  and  22d  we  were  without  water,  having  left  our 
water-kegs  behind  at  Fort  Stanton,  and  failing  to  find  any  springs,  we  turned  baciE 
toward  the  Pefiasco  Creek,  which  we  had4eft  about  a  week  before,  and  at  noon  on  the 
23d  we  reached  it,  with  the  mules  in  a  very  weak  condition  and  the  members  of  tn« 
party  heartily  tired  of  subsisting  on  beards  meat  alone.    At  5  a.  m.  on  the  24th  a  ^^^ 
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storm  began,  T^hich  continued  all  day.  The  next  morninK  found  the  ground 
a  depth  of  15  inches,  and  no  signs  of  a  cessation  of  the  storm.  At  7.30 
roke  camp  and  started  for  Fort  Stanton,  a  distance  of  79  miles.  At  4  p.  m. 
ceased,  leaving  a  depth  of  over  2  feet,  and  we  camped  at  a  little  spring, 
were  in  a  very  bad  condition.  Lack  of  food,  combined  with  the  intense 
ifficult  traveling  through  the  snow,  had  weakened  them  all,  and  it  was 
rhether  they  could  hold  out.  On  the  26th  we  traveled  21  miles,  and  camped 
ing.  On  the  27th  22  miles  brought  us  to  Dowlin's  Mill,  a  government  for- 
r,  and  on  the  following  day  we  easily  made  Fort  Stanton.  I  found  await- 
tmctions  to  disband  the  party  on  or  about  the  10th  of  December.  Accord- 
property  was  boxed  and  stored,  and  on  the  7th  the  party  disbanded,  and  the 
mbers  started  for  their  homes. 
>wing  is  a  summary  of  the  work  done : 

gulation  stations  occupied 9 

trlangulation  stations  occupied 8 

it  stations 251 

tations 1,89^ 

!  variations  of  needle  determined.... 30 

rometer  stations  occupied 98 

urometer  stations  occupied 1,235 

made  on  trlangulation  stations 2,249 

ndered 1,679.68 

« traveled 2,672.57 

les  surveyed 4,  C56 

-e  no  valuable  miqes  in  the  area  we  occupied  that  have  been  discovered  and 
at  this  subject  has  never  received  the  full  investigation  that  it  deserves, 
ous  galena  was  found  through  the  San  Andreas  and  Organ  Mountains,  and 
indications  of  both  silver  and  gold  bearing  rock  in  the  Sacramento  Moun- 
e  galena  ore  is  not  valuable,  however,  only  averaging  from  (10  to  $18  to  the 

•renson  mine,  in  the  Organs,  has  been  worked,  but  to  little  profit.  The  dis- 
1  the  railroad  and  consequent  great  cost  of  transportation  has  induced  the 

stop  work  for  the  present.  A  lawsuit,  now  in  progress,  involving  the  title 
e  probably  had  its  influence  in  this  respect  also.  Most  of  the  silver  thus 
out  has  been  found  in  pockets  in  the  limestone  that  constitutes  the  surface- 
haft  has  been  sunk,  however,  and  a  true  lead  reached  in  the  solid  granite, 
trends  northeast  and  southwest.  From  different  assays,  and  the  practical 
bus  far,  the  rock  is  found  to  avefage  about  $33  to  the  ton. 

perhaps,  the  most  important  product  of  the  country.  The  immense  plains 
5red  rincons  in  the  mountains,  together  with  the  mild  climate,  make  this 
le  well  adapted  to  sheep-raising,  and  considerable  wealth  is  invested  in  this 
industry. 

aising  is  the  principal  occupation  of  many.  Agriculture  is  but  a  secondary 
9  there  are  so  few  places  where  the  soil  is  suitable. 

n,  or  £1  Paso,  Tex.,  is  the  seat  of  the  custom-house  of  the  district  of  Paso 
.  On  the  opposite  bank  of  the  Rio  Grande  is  the  old  Mexican  town  of  £1 
ing  a  population  of  about  5,000.  The  character  of  the  commercial  inter- 
tween  the  two  countries,  at  least  in  this  district,  is  shown  by  the  following 
dly  furnished  me  by  Mr.  Slade,  the  collector  of  this  district,  to  whom  I  am 
for  many  other  acts  of  courtesy. 

DISTRICT  OF  PASO  DEL  NOKTE. 

Exports  and  imports  far  the  year  ending  December  31,  1878. 


EXPORTS. 


lation $60,000  00 

cotton  and  woolen  goods. 


IMPORTS. 

Total  valuation $420,873  46 

Principal  commodities : 

Silver  coin  and  bullion $313,381  00 

Cattle 59,916  00 

Wheat 5,543  00 

Wheat-flour 7,244  00 

Com 6,3:37  00 

Beans 4,287  00 

Sugar 3,307  00 


ition  of  the  initial  monument  of  the  boundary  line  between  the  United  States 
;o,  as  determined  by  the  commission  of  1855--'56,  is  as  follows :  Latitude,  31^ 


2206  BEPOET   OF   THE   CHIEF   OF  ENGINEERS. 

AT  QO";  longitade  106°  31'  23''.5.  Our  determiuationof  the  same  point  differed  somewhat: 
Latitade,  3lo46'58''.54;  longitude,  lOo^  31'  34".02.  This  shows  a  difference  in  latitude 
of  1".46  or  about  147  feet,  and  in  longitude  of  10".52  or  about  906  feet.    Our  de- 
termination of  the  position  of  the  El  Paso  cathedral  showed  a  remarkable  coinci- 
dence with  that  of  the  boundary  commission.    As  published  in  their  report,  the  poHition 
is,  latitude,  31°  44'  15".7;  longitude,  106°  '2&  00".   As  determined  by  our  party,  l&titude, 
310  44'  15".ll ;  longitude,  106°  28'  59".77 ;  showing  a  difference  of  only  0".59  in  latittide 
and  0".23  in  longitude.    The  longitude  of  the  astronomical  monument  was  determined 
by  telegraph,  and  carried  to  the  other  points  by  triangulation.    The  boundary  com- 
mission determined  their  longitndes  by  'Munar  culminations.'' 
The  4,656  square  utiles  surveyed  by  tlie  party  may  be  approximately  classed  as  follows : 

Arable,  with  irrigation 132 

Grazing,  good 2,984 

bad tea 

Timber,  largt^. 439 

small 169 

Arid  or  barren 2d0 

4,656 
In  conclusion,  I  desire  to  thank  the  members  of  the  party  for  their  untiring  energy 
and  cheerful  co-operation  under  all  circuuistances.    To  Mr.  Maxson  is  due,  to  a  very 
great  extent,  the  success  of  the  season's  work.    Mr.  Wal bridge  rendered  valuable  as- 
sistance in  the  topographical  line,  and  Mr.  Kerr  as  meteorologist  and  Mr.  Phillips  as     < 
odometer- recorder  were  all  that  could  be  desired. 

I  am,  very  respectfully,  your  obedient  servant, 

EuoRNE  Griffin, 
Second  Lieutenant  ofEnginem. 
Capt.  Geo.  M.  Wheeler, 

Carps  of  Engineers  f  in  charge. 


Apprndix  D. 

report  of  lieutenant  willard  young,  corps  of  engineers,  in  charge  op  pabtt 

no.  2,  utah  section,  field-season  of  1878. 

Ogden,  Utah,  March  17, 1879. 

8iR :  I  have  the  honor  to  submit  the  following  report  of  operations  of  parties  ander 
my  charge  during  the  season  of  1878 : 

survey  of  great  salt  lake. 

Instructions  from  you  were  received  early  in  March,  at  the  field-office  in  Ogden,  to 
organize  at  once  a  party  for  the  survey  of  Great  Salt  Lake.  A  plan  for  prosecnting  j 
this  work  had  already  been  submitted,  and  in  reply  your  directions  were:  That  a  j 
careful  meander  of  the  shore-line  of  the  lake  and  ot  its  islands  should  be  made;  that  . 
the  amount  of  inflowing  water  should  be  determined  by  measuring  all  streams  flowing  | 
into  the  lake ;  that  observations  should  be  made  to  determine  the  surface-evaporation  ^ 
as  well  as  the  rise  and  fall  of  the  lake ;  that  all  necessary  topographical  notes  of  the  i 
country  immediately  bordering  the  bike,  and  of  the  islands,  should  be  taken.       ^  ' 

Soundings  were  to  be  made  when  practicable,  but  as  our  operations  were  confined 
entirely  to  the  land,  and  land-transportation  only  used,  nothing  in  this  respect  could      ■ 
be  done.  ^  j 

The  party  which  took  the  field  March  11,  consisted  of  myself,  as  executive  oflScer;  ^ 
Francis  Klett,  topographer ;  Louis  Seckels,  meteorological  observer  and  chainroan; 
Corporal  John  T.  Hill,  Fourteenth  Infantry,  chainman ;  Private  M.  G.  BrenhoUi,  ; 
Fourteenth  Infantry,  packer;  Private  Josepli  Messer,  Fourteenth  Infantry,  cook  and 
assistant  packer ;  Sergeant  F.  L.  Hotfiuan,  Fourteenth  Infantry,  waa  left  at  Ogden  m 
charge  of  the  observatory,  and  was  to  make  the  prescribed  meteorological  observations 
there,  and  was  charged  with  making  the  experiments  for  determining  the  evaporation 
and  rise  and  fall  of  the  lake.  The  instrument«  supplied  were  one  six-inch  Wiirde- 
mann  theodolite,  reading  to  ten  seconds ;  one  Y-level ;  one  Young  &  Sons'  t'Opograpn- 
ical  transit,  reading  to  one  minute;  one  gradienter,  and  the  necessary  meteor«logic»l 
instruments.  Five  riding,  fonr  pack,  and  two  t«am  mules,  with  a  light  spring- wagon, 
were  the  means  of  transportation.  . 

The  principal  streams  entering  the  lake  are  the  Jordan,  Weber,  and  Bear  Rivers,  and 
these  are  the  only  ones  whose  discharge  was  to  be  determined  by  regular  current-ob- 
servations. It  was  only  possible,  from  the  small  size  of  the  party,  to  gange  th^ 
streams  in  succession ;  and  as  it  was  desirable  that  this  should  be  done  as  nearly  os 
the  same  date  as  possible,  and  as  only  the  eastern  and  northern  shores  of  the  law 
could  be  meandered  without  the  aid  of  a  boat,  the  mouth  of  the  Jordan  River  w*8 
aeleoted  as  the  initial  point  most  favorable  for  our  work.    After  determining  the  dis- 
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I  tfae  Jorilan,  aiir  first  care  bcln|>  to  find  n  suitable  place  for  oar  observations, 
ar  iDeaniler  work  of  the  afaore-Une  waa  comDionoed. 

rveying  part;  proper.  aoDHistiiig  of  the  topographer  and  two  cbainmen,  fot- 
t  nearly  D8  possible,  the  actual  shore-line;  and  an  average  of  seveu  or  eight 
t  day  WB8  touud  to  be  good  work.  A  great  deal  of  soft,  sticky  mud  was 
iml,  makiag  the  walking  very  difficult  and  t)ie  chain  very  hani  to  drag, 
mder  work  along  tba  eaalern  shore,  around  the  Promontory,  and  along  the 

shore  of  the  laki-,  was  progeciited  almost  without  interruption,  until  a  point 
;ht  milen  wintb  of  Keltun  was  reached,  A  few  days  of  stormy  weather  were 
lied,  and  a  short  delay  made  at  Weber  and  Bear  Kivers  to  gauge  these  streams- 
impracticable  to  continue  the  work  further  without  the  aid  of  a  boat,  and  as 
d  not  be  furnished,  the  party,  after  waiting  aaveral  da.vs  in  KeUou  for  in- 
is,  returned  to  Ogden  on  May  12,  Around  the  Promontory,  and  where  the 
nld  be  closely  followed  with  the  wagon,  nieasnrenienls  were  made  with  an 
r  instead  of  by  chaining.  Three-point  stations,  to  serve  as  checks  to  the 
sre  fre(|uently  matle.  Carefnl  topographical  notes  of  the  Promontory  UouD- 
re  taken,  and  two  of  the  principal  points  occupieil  as  triangutatioo  atntious. 
estimates  of  njdtji,  depth,  and  velocity  of  all  streams  encountered  weT« 

that  the  total  inflow  of  water  to  the  lake  could  be  determined.  Tbe  only 
iotol)8erved  hvuR  in  this  way  are  those  entering  the  lake  at  ihi  sonthem  end, 
g  west  of  Jordan  River,  and  the  few  aniall  springs  on  Antelope  and  Stano- 

%re  a  few  springa  known  to  exist  below  tbe  preseot  level  of  the  lake  snrfaoe, 
lurse  no  eatiiiiate  of  the  amoant  of  water  discharged  by  them  could  be  tuade. 
I  discharge  from  all  other  sfiurces,  not  inclading  Jontau,  Weber,  and  Beat 
s  given  by  our  observations,  is  222  cubic  feet  per  second.  When  it  ia  remeul- 
at  these  observations  were  made  during  the  months  of  March  and  April,  after 
ma  had  begun  to  rise,  and  when  tbe  springH  were  well  supplied  with  water 
last  winler's  anowa  and  raius,  and  that  at  this  'season  none  of  the  wat«r  was 
for  pnrpneoH  of  irrigation,  it  is  not  tuo  much  to  assume  that  this  result  will 
I  a  fair  annnal  mean  uf  tbi  inBow  from  these  sonices. 


ging  the  Jordan,  Weber,  and  Bear  Rivers,  sub-snrf ace-floats  only  were  used 
re  made  from  ordinary  1]ve-gallon  coal-oil  caoH,  the  tops  and  bottoms  of  the 
ig  cut  out-  Wires  were  soldered  diagonally  on  Ihe  inside  to  serve  as  au  attuch- 
'  tbe  cord  connecting  with  the  a nrf ace- .float.  Light  slips  of  pine  board  were 
I  the  proper  length  and  fitted  on  the  inside  near  the  top  of  the  cao,  to  give  it 
buoyancy.  Each  can  was  connected  by  a  flne  cord  to  a  amall  tin  elliptical 
Tying  a  flag.  This  served  to  keep  tbe  main  ur  sub  surface- float  at  a  constant 
id  the  flag  marked  its  course.  Opposite  ea^h  base-line  four  or  more  croe»- 
if  the  stream  w>-re  maile,  by  taking  Boundini;s  at  diatances  of  10  feet.  The 
being  narrow,  Ihe  distances  were  very  norunitely  determined  by  strelohing 
k  to  Dank  a  cord  marked  at  distances  of  50  niid  10  feet,  respectively,  with 
d  red  rags.  These  gra<luated  cords,  when  placed  at  the  extremities  of  the 
, afforded  a  very  easy  and  accurate  method  for  determiuirg  the  course  of  each 

lults  obtained  are  given  in  the  following  table.  I  base  my  estimate  for  mean 
)  on  a  stndy  of  the  character  of  the  channels  aud  on  information  gathered  as 
slation  existing  between  the  height  of  tbe  water  at  tbe  time  ot  uieHsnre- 
1  at  the  Qood  aud  low-water  seasons,  as  well  as  the  probable  duratioD  of  high 
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The  mean  IdAow  to  the  lake  for  the  year  1878  would  thuB  be  6,000  cubic  feet  per 
second.  This  result  is  not  to  be  relied  npon  as  giving  a  correct  mean.  Snch  wonla  be 
the  case,  very  nearly,  if  the  sonrces  of  these  streams  were  constant  springs,  and  if 
they  were  allowed  to  flow  in  their  own  channels  throu^hont  the  year  witfaoat  being 
diverted  for  purposes  of  irrigation  ;  but,  depending  as  they  do  largely  npon  th»  melt- 
ing of  the  monntain  snows,  an  almost  daily  fluctuation  during  the  spring  and  summer 
months  is  noted,  and  the  amount  is,  besides,  perceptibly  decreased  during  the  season 
of  irrigation.  During  the  season  of  high  water  the  volume  is  many  times  that  of  the 
fall  and  winter  months,  and  it  is  very  difficult  to  form  a  correct  estimate  of  the  mean 
inflow. 

Observations  were  made  by  me  in  March,  1H79,  to  determine  the  height  of  the  lake 
surface  as  compared  with  its  height  of  the  same  date  in  1878.  I  And  that,  in  the  year 
thus  included,  the  lake  fell  2,575  feet,  or  about  31  inches.  The  average  annual  rain- 
fall for  Salt  Lake  City  for  the  past  ten  years  is  over  20  inches,  while  the  rainfall  for 
the  year  ending  March  20,  1879,  as  taken  from  the  records  of  the  signal  station  at 
Salt  Lake  City,  is  but  16.02  inches.  A  marked  decrease  in  the  lake's  supply  is  thus 
shown,  both  of  inflowing  water  and  of  raiufall. 

An  inflow  of  6,000  feet  would  in  a  year  suffice  to  cover  the  lake  to  a  depth  of  40 
inches.  Adding  to  this  the  total  rainfall  assumed  for  the  whole  lake  to  be  12  inches, 
and  the  fall  of  the  lake  surface  31  inches,  we  have  for  the  total  annual  evaporation  d:{ 
inches. 

EVAPORATION,  ETC. 

The  observations  for  determining  the  evaporation  and  rise  and  fall  of  the  lake  were 
made  by  Sergeant  Hoffman  at  Luke  Side,  near  tbe  village  of  Kaysville.  This  point  iras 
selected  as  being  convenient  to  Ogden,  and,  besides,  as  being  distant  from  any  lai^ 
streams  of  fresh  water  and  from  the  mountains. 

A  wooden  pillar,  graduated  to  feet  and  inches  for  5  feet  of  its  length,  the  zero  being 
at  the  bottom,  was  set  in  the  lake,  in  about  four  feet  of  water.  On  March  18  the  water- 
surface  read  1  foot  and  9  inches.  A  large  wooden  stake,  to  serve  as  a  permanent  refer- 
ence-mark, was  driven  near  the  flag-staff,  and  its  top  connected  by  leveling  with  the 
zero  of  the  water-scale.    It  was  found  to  be  11.075  feet  hij^her  than  said  zero. 

For  obtaining  the  evaporation,  a  wooden  box,  lined  with  zinc  and  made  perfectly 
water-tight,  was  provided.    Its  interior  dimensions  were  24  inches  by  30  inches, by  14 
inches  deep.     It  was  so  weighted  by  counterpoises  passing  over  two  grooved  stand- 
ards, in  which  it  was  made  to  work,  that,  when  filled  to  within  2  inches  of  the  top,  it 
was  not  more  than  3  inches  above  the  lake  surface.    It  was  placed  in  the  lake  near 
the  graduated  pole.  The  water  in  the  box  would  thus  be  subjected,  as  nearly  as  might 
be,  to  the  same  influences  of  temperature,  sun,  wind,  rain,  (Spc.,a8  the  wat-eria  the 
lake. 

The  amount  of  evaporation  was  to  be  taken  directly  from  the  box  by  scale  and  ver- 
nier reading,  or  was  to  be  determined  by  measuring  the  fluid-ounces  contained  in  tiie 
box  when  filled  and  the  amount  remaining  at  the  time  of  observation.   The  differenc^t 
referred  to  the  size  of  the  box,  would  ^Ive,  it  was  thought,  a  more  correct  meaaore 
than  could  be  obtained  by  vernier  reading.    Othrr  necessary  meteorological  obser'var 
tions  were  also  to  be  made  in  connection  therewith.  The  whole  apparatus  waspla^^ed 
in  position  on  the  18th  of  March,  a  clear,  calm  day,  and  seemed  to  work  well.    Lx*^^» 
however,  and  after  repeat^jd  trials,  it  wa»  found  that  no  reliance  could  be  place*^  ^^ 
the  results  obtained.    If  the  lake  was  at  all  rough,  the  dashing  of  the  waves  agai'l?*' 
the  box  would  soon  fill  it  with  the  spray  thus  iornied ;  and  on  several  occac»ion&  "Wi® 
box  was  found  totally  submerged  and  sunken,  a  result,  as  I  suppose,  of  the  und^'^ 
tory  action  of  the  waves,  which  would  not  allow  a  free  action  of  the  box  in  its  groo^^^ 
standards.  ^ 

On  being  informed  of  this  failure,  other  methods  were  proposed  to  Setgeant  ^^  I 
man  which  might  prove  more  successful;  but  he  did  not  find  opportunity  to  carrj'  ^^ 
my  suggestions,  his  time,  until  his  death,  being  fully  employed  at  Ogden  with  ^'?I 
fessor  Andr^  and  associates,  who  were  busily  engaged  in  preparations  for  the  cra^i^^^ 
of  Mercury.  ,. 

The  circumstances  of  the  sergeant's  sad  demise  have  already  been  reported  ia  *^ 
to  you.  Sergeant  Thomas  Knight,  Fourteenth  Infantry,  was  afterwards  detailed.  *^ 
take  the  late  sergeant's  place,  but  no  further  observations  were  made  at  Lake  Qi^^ 


SUMMARY  OF  WORK  DONE. 

Variations  of  the  needle ^ 

Three-point  stations 1^ 

Triangulation  and  topographical  stations ^ 

Creeks  and  ditches  measured  by  estimating  width,  depth,  and  velocity 4j 

Rivers  gauged  by  current- observations ^^ 

Miles  measured 356»^ 
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ed  as  follows : 

ad  three-point  stations 49.5 

ter 60.5 

Qg 145.8 

22 

Jordan  River  toKelton 54 

d  by  storm 9 

»ineter  observations  in  the  field 118 

oiueter  observations  in  the  field 118 

•meter  observations  on  triangnlation  stations 16 

omet«r  observation  on  triangnlation,  topographical,  and  meandered 
'. 155 

DEVELOPMENT  OF  THE  TERRACE-LUCIN  BASE. 

I  of  1877  a  base-line,  a  little  over  24  miles  in  length,  was  measured  along 
ihe  Central  Pacific  Railroad  between  Terrace  and  Lacin.  Two  measare- 
made,  nnder  the  direction  of  Messrs.  Klett  and  Kintner,  civilian  assistants. 
»  be  done  by  the  party  under  my  charge  was  to  level  this  base,  and  to  so 
i  to  connect  with  the  system  of  triangles  to  the  northward  and  eastward 
Q  1877. 

tinel  of  the  party  was  the  same  as  that  engaged  in  the  survey  of  Salt  Lake, 
tents,  field-equipment,  and  transportation,  were  also  the  same,  except  that 
riCs  taken.    Triangnlation  instrument  No.  112,  by  Wiirdemann,  was  very 

order.  Application  was  made  to  have  it  replaced  by  a  better  one,  but 
t  done.  The  results  obtained  are  not,  it  is  feared,  as  good  as  could  be 
I  consequence^  although  great  care  was  taken,  by  multiply ing observations, 

all  source  of  error. 

left  Ogden  on  the  evening  of  May  23,  by  rail,  and  reached  Terrace  the 
ig.  On  inquiry,  it  was  found  that  the  monument  erected  by  Messrs.  Klett 
*  the  previous  year  at  Lucin  had  blown  down,  and  had  been  removed  and 
Two  members  of  the  party  were,  therefore,  at  once  sent  forward  to  rebuild 

it  with  white  cloth,  a  supply  of  which  had  been  provided  on  leaving  Og- 
louument  at  Terrace  was  still  standing.  The  work  of  leveling  was  at  once 
and  carried  forward  to  completion  by  Messrs.  Klett  and  Seckels.    On  oc- 

extremities  of  the  base,  the  monuments  were  found  to  be  indistinct,  even 
favorable  times  of  the  day  for  observing.  It  was,  therefore,  decided  to 
ir  size,  and  a  height  was  given  to  them  of  from  2.^  to  30  feet,  while  before 
»ut  VZ  or  15  feet  above  the  ground.  On  every  station  but  one,  where  the 
>t  obstructed  by  mountains,  sights  were  taken  to  both  monuments.  At 
the  Lucin  monument  could  not  be  seen,  for  the  day  we  made  the  ascent 
ntain  proved  to  be  hasy,  and  the  Terrace  monument  was  nndistinguish- 

of  leveling  "being  completed  and  stations  made  at  the  extremities  of  the 
»ceeded  to  occupy,  in  order,  the  following  points :  Desert  Peak,  Pilot  Knob, 
.nd  Peak,  Clear  Creek  Peak,  Citadel  Peak,  Deer  Peak,  and  Tangent  Peak, 
ted  the  work  assigned  us,  and,  returning  from  th6  field,  we  reacned Ogden 
opographical  notes  were  taken  by  Mr.  Klett  at  nearly  all  the  mountain 
1  the  heights  of  all  were  barometrically  determined, 
ry,  resources,  and  general  geology  of  the  Salt  Lake  Valley  and  Desert  are 
)WD  from  previous  reports  to  require  from  me  any  further  description. 
>cations  had  been  made  and  some  work  done  near  South  Promontory 
swfoundland,  where  there  is  a  district  organized ;  at  Silver  Islet,  or  Desert 
in  the  Clear  Creek  hills,  north  of  Terrace.    At  none  of  these  places  was 
prosecuted  at  the  time  of  our  visit.    Locations  were  noted  on  the  east  side 
»ey  Mountains,  in  the  vicinity  of  Pilot   Knob.    On  the  western  slope  of 
:;aiQS,  distant  from  the  railroad  about  eight  miles,  and  in  the  State  of  Ne- 
lated  the  once  thriving  mining  town  of  Buell.     Work  in  some  of  the  mines 
ity  is  still  carried  on,  but  only  to  a  limited  extent.    Specimens  of  ore  were 
ly  at  Newfoundland.    These  are  principally  carbonates  and  sulphides  of 
1  some  argentiferous  galena  of  low  grade.    The  district  has  been  almost 
since  1871. 
r  is  a  brief  summary  of  the  work  done  on  this  trip : 

on  stations 9 

cal  stations 3 

: 14 

field 28 

reling : 12 

tions 8 

eling  base 6 

)d  by  storm 2 
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The  prescribed  meteorological  observations  were  made  every  night  and  morning  at 
camp,  and  barometric  readings  were  taken  on  each  mountain  station. 

PARTY  U, — UTAH  SECTION. 

This  party,  which  was  organized  at  Ogden,  Utah,  in  the  latter  part  of  July,  con- 
sisted of  myself,  as  executive  officer  and  field  astronomer ;  Frank  Carpenter,  topogra- 
pher;  William  Hollis,  meteorological  observer;  W.  A.  Purrinfrton,  aneroid  and  odom- 
eter  recorder ;  George  Stewart,  chief  packer ;  Corporal  J.  T.  Hill,  Fourteenth  Infantry, 
packer;  and  Charles  Harris,  cook.  One  man  to  act  as  guide,  herder,  and  man  of  all 
work  was  engaged  on  reaching  the  field. 

The  work  intmsted  to  us  was  the  completing  of  the  survey  of  the  country  lying 
within  atlas-sheets  73  A,  73  C,  73  D,  and  80  A,  left  unfinished  in  1K7.5.  Instructions 
were  also  given  us  to  continue  the  work  southward  from  Los  Angeles  toward  San 
Diego,  as  far  as  time  and  the  weather  would  permit. 

We  took  train  at  Ogden,  with  our  complete  outfit,  on  the  26th  day  of  July.  The 
point  selected  for  commencing  actual  field  work  was  Caliente,  Cal.,  and  this  we  reached 
on  August  2.  All  the  supplies  for  the  season  were  received  here.  From  this  point  we 
proceeded  to  meander  the  Kern  River  to  its  forks,  near  Kernville,  and  to  survey  two 
small  unfinished  areas ;  one  lying  west  and  south  from  Owen's  Peak,  and  comprising 
the  country  in  the  immediate  vicinity  of  Walker's  Pass ;  the  other  lying  north  of  Kern 
River,  on  the  slope  of  tie  mountains  towards  Tulare  Valley,  and  comprising  the 
country  drained  by  Posa  Creek. 

The  route  of  the  party  from  Caliente  was  down  the  cafion  to  the  railroad  station 
Pampa,  across  the  foot-hills,  and  down  Cottonwood  Creek  to  Kern  River,  and  thence 
over  the  Breckenridge  Mountain  to  the  mining  town  of  Havilah.  From  this  point  the 
stage  and  freight  ro^d  running  from  Caliente  to  Panamont  was  followed,  up  the  south 
fork  of  Kern  Kiver  and  through  Walker's  Pass,  to  Coyote  Hole,  a  stage  station  on  the 
edge  of  the  Mojave  Desert.  Returning,  a  new  line  over  the  hills  and  down  the  Kelso 
Creek  to  the  town  of  Weldon  was  meandered.  A  trail  running  down  the  Kern  River 
Cafion  took  us  to  the  old  mining  camp,  now  abandoned,  of  Dahlonega.  The  mines 
here  are  said  to  have  been  the  first  worked  ih  Kem  County.  We  were  enabled  to  pro- 
ceed but  little  farther  along  the  river  beyond  this  point,  as  the  cafion  below  here  and 
to  its  mouth  becomes  a  narrow,  rock-bound,  and  impassable  gorge.  We  therefore 
turned  northward  across  the  mountains  and  descended  to  Posa  Creek.  A  few  days 
in  this  region  sufficed  for  Mr.  Carpenter  to  gather  the  necessary  topographical  datA, 
when  we  proceeded  to  meander  Kern  River  from  the  mouth  of  the  canon  to  Bakers- 
field.    We  then  returned  to  Caliente  for  supplies. 

The  foot-hills  bordering  the  Tulare  Valley,  west  of  Breckenridge  Mountain,  and  those 
north  of  Kem  River,  were  well  covered  with  the  grasses  of  the  country,  and,  where  not 
eaten  out  by  sheep,  the  feed  was  abundant.  In  the  other  portions  of  the  country  tra- 
versed by  us  the  grazing  was  but  indifferent.  An  abundance  of  fine  pine  timber  was 
found  near  the  summit  of  the  ^Breckenridge  Mountain,  and  in  the  vicinity  of  Posa 
Creek  and  near  Caliente  the  hills  were  covered  with  oak,  live-oak,  and  sugar-pine. 
In  the  country  east  of  Havilah  and  Kernville  but  little  timber  of  any  kind  was  foqnd. 
Along  the  south  fork  of  Kem  River,  and  in  the  valley  where  the  north  and  south  forks 
come  together,  there  are  about  20  square  miles  of  cultivable  land,  with  a  sufiftcienoy 
of  water  in  the  river  for  irrigation.  A  considerable  sum  of  money  would  have  to  be 
expended  to  carry  water  to  all  this  land,  which,  Judging  from  appearances,  is  not  very 
productive. 

Posa  Creek  sinks  before  reaching  the  plain,  and  only  furnishes  water  for  a  few 
ranches  along  its  banks  while  yet  in  the  mountains  and  foot-hills. 

Kern  River,  as  it  debouches  into  the  valley,  furnishes  water  enough  to  irrigate  aboat 
200  square  miles  of  land.  It  is  being  mostly  utilized  on  the  plains  about  Bakersfield, 
where  there  are  larce  companies  formed  which  own  and  control  the  water-rights. 

Leaving  Caliente  August  25,  a  line  around  the  north  side  of  Livermore  Mountain  to 
the  old  Tejon  Reservation  was  meandered.  From  this  point  our  course  was  throu|;h 
Tejon  Pass  to  the  Desert,  and  thence  across  the  Llebre  Ranch  to  Elizabeth  Lake.  Here 
we  entered  the  cafion  of  Castac  Creek,  which  we  followed  to  its  mouth,  on  the  Santa 
Clara  River.  Then,  crossing  by  trail  the  mountains  to  the  south  of  this  stream,  we 
reached  the  old  mission  of  San  Fernando,  September  1.  This  country  was  visited  by 
parties  of  the  survey  in  1875.  The  only  new^  ground  touched  by  us  was  the  Caata« 
Cafion.  The  country  through  which  this  creek  runs,  from  Elizabeth  Lake  to  within  a 
few  miles  of  its  mouth,  is  almost  utterly  worthless,  being  covered  with  a  thick  growth 
of  chaparral  and  other  brush,  to  the  exclusion  of  all  other  vegetation.  Near  the  Santa 
Clara  uie  brush  runs  out,  and  the  hills  are  covered  more  or  less  luxuriantly  with  herb- 
age of  difibrent  kinds,  affording  ver^'good  pasturage.  A  great  many  sheep  are  herded 
here.  Bear,  deer,  and  quail  abound  in  the  cafion.  Near  its  head,  and  for  some  distance 
below  Elizabeth  Lake,  the  rock  of  the  cafion  is  of  a  true  granitic  structure.  About 
midway  down  the  cafion,  however,  it  changes  to  a  kind  of  dolorite,  schistose  in  struct- 
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are,  and  very  maoh  tilted  and  twisted.  Still  lower  it  changes  to  a  padding-stone,  and 
then  to  a  sandstone. 

The  next  unfinished  area  to  he  sarveyed  hy  us  was  sitnated  west  of  our  camp  at  San 
Fernando  Mission,  and  comprised  portions  of  the  San  Fernando,  Conejo,  and  Santa 
Monica  Mountains,  and  of  the  Simi,  Las  Posas,  Santa  Clara,  San  Fernando,  and  Los 
Au^eles  Valleys.  Our  time  until  October  3  was  fully  occupied  in  this  region  in  mean- 
denng  roads  and  trails,  and  in  oocuping  topographical  and  other  stations.  The  sea- 
coast  in  the  vicinity  of  Santa  Monica  for  several  miles,  and  from  San  Buenaventura 
to  beyond  Hueneme,  was  also  meandered.  The  only  lava  seen  during  the  season  was 
foQDd  in  the  hills  at  the  lower  end  of  the  Simi  Valley.  For  description  and  resources 
of  tills  region  reference  is  made  to  the  reports  of  former  years. 

On  the  4th  day  of  October  the  party  left  Los  Angeles  for  the  San  Gabriel  Cafion, 
passing  on  the  way  the  beautiful  San  Gabriel  Valley  and  the  old  mission  of  that  name, 
said  to  have  been  the  first  established  hy  the  Spanish  padres  in  this  region.  The  old 
church  here  is  in  tolerable  repair,  and  religious  services  are  still  held  there.  The  sur- 
rounding country,  which  is  largely  taken  up  in  orange  culture,  is  the  most  beantifal 
visited  by  us  during  the  season.  The  work  in  the  cafion  progressed  very  slowly^  from 
the  almost  impassable  nature  of  the  trails  we  had  to  follow,  and  especially  owing  to 
the  absence  of  grass  or  forage  of  any  kind  for  our  mules.  The  four  principal  forks 
were  meandered  as  far  as  it  was  possible  to  penetrate  with  our  animals.  The  extreme 
weetern  fork,  which  rises  immediately  under  San  Gabriel  Peak,  was  named  Joy  Cafion 
in  honor  of  Mr.  Douglas  A.  Joy,  geological  assistant  of  division  No.  2  in  1875,  who  in 
that  year  traversed  the  whole  distance  from  San  Gabriel  Peak  to  the  mouth  of  the 
cafion  on  foot. 

There  are  extensive  deposits  of  detritus  and  dihris  all  aloug  the  cafion,  which  are 
auriferous,  and  gold-washing  has  been  and  is  still  carried  on  to  a  considerable  extent. 
There  was  some  excitement  at  the  time  of  our  visit  about  reported  rich  strikes  at  and 
near  the  Winston  silver  mine,  near  the  mouth  of  the  cafion,  where  a  true  fissure-vein 
is  said  to  exist,  aud  where  there  are  silver  deposits  resembling  in  many  respects  those 
near  Virginia  City,  Nev.  With  the  exception  of  the  mining  interests  and  a  little  pine 
uid  oak  timber  near  the  summits  of  the  mountains,  very  hard  to  get  at,  the  entire 
country  drained  by  the  San  Gabriel  is  worthless,  and  comprises  one  of  the  most  dreary 
and  uninviting  regions  ima^nable.  From  the  head  of  Joy  Cafion  we  made  a  compar- 
atively easy  ascent  of  San  Gabriel  Peak,  and,  although  detained  there  two  days  br 
stormy  weather  (Mr.  Carpenter  and  myself  remaining  on  the  peak  during  that  time), 
we  at  last  succeeded  in  obtaiuing  all  wished-for  results.  We  were  Just  three  weeks  in 
the  cafion,  meandering  the  stream  and  occupying  the  necessary  mountain  points,  and 
during  that  time  our  animals  had  become  very  much  jaded  and  worn,  so  that  for  a 
time  but  short  marches  could  be  made.  After  meandering  San  Antonio  Creek  to  near 
its  head,  and  making  a  topographical  station  on  a  mountain  west  of  the  cafion  and 
near  San  Antonio  Peak,  we  took  the  road  leading  through  Cucamonga  to  San  Ber- 
nardino, and  r|ached  this  latter  point  November  1.  Mining  in  San  Antonio  Cafion  had 
JDSt  received  an  impetus  from  new  discoveries  made  there,  and  a  number  of  parties 
were  at  work  washing  or  prospecting. 

At  San  Bernardino  we  supplied  ourselves  with  rations  for  thirty  days,  from  the 
general  stores  that  had  been  forwarded  by  rail  from  Caliente  to  Los  Angeles,  and 
thence  to  Colton.  The  surrounding  country  is  a  fertile,  well-watered,  and  delightful 
valley  of  fields,  vineyards,  and  orchards,  and  contains  a  mixture  of  American,  Spanish, 
and  Indian  population.  The  principal  business  interests  are  centered  in  San  Ber- 
nardino, though  the  town  of  Colton,  but  three  miles  distant,  and  sitnated  on  the  rail- 
road, bids  fair,  as  the  general  depot  of  this  region,  to  rival  it  in  time.  We  were  de- 
tained two  days  at  the  mouth  of  Lytic  Creek  Cafion  by  a  severe  storm,  the  only  one 
experienced  during  the  season.  The  surrounding  mountains  were  covered  with  snow 
half-way  down  from  their  summits,  and  in  some  places  to  a  depth  of  18  inches,  but  it 
so  rapidly  disappeared  as  to  occasion  us  no  other  inconvenience  than  the  delay  men« 
tioned. 

The  ascent  of  San  Antonio  Peak  was  made  from  the  head  of  Lytle  Creek  on  the  10th, 
and  the  next  day  we  crossed  over  the  mountains  northward  into  Swarthout's  Cafion, 
camping  at  Matthews'  Ranch,  where  Lieutenant  Whipple  and  party  made  a  halt  in 
1875.  The  rock  around  San  Antonio  Peak,  and,  indeed,  throughout  this  whole  sierra, 
is  granitic.  The  cafion  of  Lytle  Creek  towards  its  head  is  the  most  regular  I  have  ever 
seen,  aud  exhibits  signs  of  extensive  fflacial  action.  The  east  fork  of  San  Gabriel 
Creek,  heading  under  San  Antonio  Peak,  aud  Just  over  the  divide  from  Lytle  Creek, 
aUo  shows  this  same  action  to  a  marked  degree.  Gold  placer-mining  has  been  carried 
on  to  some  extent  in  Lytle  Creek,  but  the  work  is  now  abandoned  south  of  Swar- 
thoQt's  Cafion.  On  the  mountains  dividing  it  from  San  Gabriel  and  Bock  Creeks,  an 
abundance  of  fine  pine  timber  is  found,  interspersed  with  a  little  redwood.  Water  in 
6wartbout*B  Cafion  is  quite  scarce,  only  appearing  as  springs  at  difierent  intervals 
along  the  cafion.  Locations  have  been  made  at  each  of  these,  and  several  ranches 
have  been  started,  where  potato-growing  is  a  great  success. 
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After  following  down  Swarthot^'s  Caflon  to  near  its  month,  on  the  desert,  and  turn- 
ing to  the  east  and  crossing  a  low  ridge,  we  entered  the  main  Cajon  Wash  at  its  head, 
the  aneroid  reading  4,510  feet  on  the  divide  at  this  point.  The  projected  railroad  from 
Los  Angeles  to  Independence  was  to  have  rnn  through  this  pass,  and  the  grading  in 
this  vicinity  is  completed  for  a  distance  of  several  miles.  In  crossing  from  the  wash 
to  the  desert  a  long  tunnel  is  necessary,  and  work  on  this  had  also  been  commenced. 
The  wagon  road  does  not  follow  the  main  pass  for  more  than  half  of  it«  length,  bat 
turns  to  the  right  up  a  narrow,  rocky  caflon,  and  thence  passes  from  its  head  on  to  the 
desert.  We  followed  this  road  from  the  mouth  of  the  ca&ou  to  a  mile  beyond  Fear's 
stage  station,  and  then  crossed  over  on  to  the  west  fork  of  the  Mojave  River.  An  ex- 
tensive plain  or  valley,  well  covered  with  grass,  aloi>g  this  stream  to  the  forks  of  the 
river,  affords  pasturage  for  great  numbers  of  cattle  and  horses.  At  the  time  of  our 
visit  tbe  range  was  overstocked,  and  the  grass  pretty  well  eaten  down.  At  the  forks 
of  the  Mojave  we  found  an  ercampmeut  of  about  fifty  Pah-Ute  Indians,  including  men, 
women,  and  children,  very  comfortably  fixed  (though  living  in  wickiups)  and  toler- 
ably well  dressed.  They  have  water  ditches  constructed  to  irrigate  about  10  acres  of 
land,  and  this  they  farm  each  year.  Their  principal  food,  however,  consists  of  pine- 
nuts  and  such  game  as  they  can  kill  in  the  surrounding  mountains.  Nearly  all  the 
water  of  the  river  at  this  point  comes  from  the  east  fork,  and  it  all  sinks  a  short  dis- 
tance below  the  Indian  camp.  I  estimate  that  there  is  water  enough  coming  out  of 
the  cation  here  to  irrigate  a  thousand  acres,  and  there  is  more  than  this  amount  of  land 
in  the  plain  below.  Of  its  fertility  I  cannot  speak,  though  1  judge  it  to  be  not  very 
productive. 

Up  to  this  point  the  hills  were  more  or  less  thickly  covered  with  chaparral  and  other 
brush,  if  timber  of  some  kind  was  not  found ;  but  here  we  encountered  the  true  desert 
country.  The  hills  to  the  eastward,  which  we  skirted  by  following  the  true  desert  plain, 
were  entirely  destitute  of  vegetation,  except  a  scattering  growth  of  bunch-grass,  and 
resembled,  in  their  dry,  parched  appearance,  the  isolated  groups  of  mountains  which  rise 
here  and  there  from  the  Great  Mojave  Desert  and  add  to  its  dreariness  and  desolation. 
Farther  east,  as  we  ascended  the  road  leading  to  Holcomb  and  Bear  Valleys,  brush  and 
piRon  pine  were  again  met  with ;  and,  finally,  extensive  forests  of  beautiful  pine  were 
encountered,  stretching  eastward  as  far  as  Santa  Ana  Crt^ek  and  the  San  Bernardino 
Mountain,  and  westward  along  the  summit  of  the  mountains  to  the  Caion  Pass.  Sev- 
eral steam  saw-mills  have  already  been  built,  one  at  Holcomb  Valley,  the  others  in  the 
mountains  just  north  from  San  Bernardino,  which  supply  the  surrounding  country  with 
lumber.  The  mining  and  timber  interests  of  this  region  are  the  only  ones  of  any  con- 
siderable value,  though  the  grassy  swamps  of  Bear  Valley  afford  good  pasturage  dur- 
ing the  summer  months.  At  the  lower  end  of  this  valley  the  water  collects  into  a 
larse,  shallow  lake,  which  is  a  resort  for  thousands  of  geese  and  ducks.  The  principal 
rock  formations  are  still  granitic,  though  there  are  some  quite  extensive  limestone  de- 
posits, notably  in  the  vicinity  of  the  Green  lead  mine,  west  of  Holcomb  Valley,  and 
m  the  Lone  Valley  mining  district.  There  is  also  some  limestone  fo^nd  in  the  foot- 
hills east  of  Cajon  Pass,  and  on  the  south  slope  of  the  mountains.  East  of  Bear  Val- 
ley the  hills  are  mostly  covered  with  pifion  pme  and  the  higher  mountains  with  pine 
timber. 

From  our  camp  at  Lone  Valley  two  topographical  stations  were  made ;  one  on  Min- 
eral Hill,  so  named  from  extensive  mineral  deposits :  the  other  on  a  poiat  near  the 
divide  between  the  headwaters  of  Whitewater  and  Santa  Ana  Creeks.  From  Bear 
Valley  we  crossed  over  the  mountain  into  the  caflon  of  the  Santa  Ana,  and  meandered 
that  creek  from  the  fork  near  its  head  to  near  the  mouth  of  Bear  Creek,  beyond  which 
it  was  impossible  to  penetrate ;  then,  crossing  the  west  end  of  the  San  Bernardino 
Mountain,  we  descended  into  Mill  Creek,  at  Forsee's  Ranch,  and  from  there  proceeded 
to  San  Bernardino,  which  we  reached  November  29. 

In  Mill  Creek  there  are  two  or  three  ranches,  where  fruit-growing  is  a  principal  busi- 
ness. The  mills,  from  which  the  creek  took  its  name,  were  destroyed  by  a  flood  in  1862, 
and  have  not  been  rebuilt.  Forsee's  Ranch,  here  situated,  is  a  favorite  camping  spot 
for  pleasure  parties  seeking  relief  from  the  intense  summer  heat  of  the  valley  below. 
In  Santa  Ana  Cafion  there  are  several  large  oienegaSj  where  during  the  summer  a  great 
many  cattle  are  pastured.  A  large  fish-pond  was  built  here  at  considerable  expense, 
and  fish-culture  entered  into;  but  it  has  proved  a  failure,  mainly,  I  judge,  from  the 
want  of  a  market.  Besides  pine  and  oak,  some  very  fine  cedars  are  found  in  this 
•cafion. 

Orders  were  found  awaiting  us  at  San  Bernardino  to  disband  the  party  in  time  to 
reach  Sacramento  with  our  outfit  not  later  than  December  12.  Four  days  were  spent 
in  the  mountains  to  the  north,  of  San  Bernardino,  to  complete  the  topography  of  that 
region ;  and  then,  following  down  the  Santa  Ana  River,  we  reached  Santa  Ana  De- 
cember 7.  On  the  9th  our  animals,  stores,  and  public  property  of  every  description 
were  loaded  on  to  cars  and  started  for  Sacramento.  Arriving  there,  everything  was 
ransferred  to  Lieut.  B.  H.  Randolph,  Third  Artillery,  quartermaster  of  tiie  survey ; 
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said  the  work  of  disbandiDg,  storing,  and  Bhipping,  carried  to  completion  atider  the 
direction  of  Lieut.  8.  £.  Tillman,  Corps  of  Eogiueers. 
The  following  list  shows  the  principal  observations  made  by  the  party : 

Sextant  latitude  stations 9 

Main  triangulation  stations 2 

Three- point  stations 106 

Meander  stations 1,571 

Monuments  bnilt 43 

Tariations  of  thcpieedle  taken. 8 

Miles  measnred ---.  1,176.44 

Miles  traveled  and  not  measured : 462. 25 

Camps 96 

Cistern-barometer  stations 176 

Aneroid-barometer  stations 1,044 

Days  on  the  march 118 

Days  in  camp 11 

Information  concerning  the  mining  districts  examined  will  be  found  under  the  head 
of  mining  notes  elsewhere. 

Very  respectfully,  your  obedient  servant, 

W.  Young, 
Second  lAeutenani,  Carps  of  Engineers, 
Capt.  Geo.  M.  Wheeler, 

Corps  of  EngineerSf  in  charge. 
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report  of  lieutenant  willard  young,  corps  op  engineers,  in  charge  of  a 
special  party  engaged  in  the  survey  of  great  salt  lake  and  vicinity, 
field  season  of  1879. 

United  States  Engineer  Office, 
Geographical  Surveys  West  of  the  100th  Meridlan, 

Ogden,  Utah,  July  18,  1879. 

Sir  :  I  have  the  honor  to  submit  the  following  report  of  the  operations  of  a  special 
partv  engaged  in  the  survey  of  Great  Salt  Lake  and  vicinity  during  the  field  season 
of  1879. 

The  party  was  organized  at  Ogden,  Utah,  and  consisted  of  myself,  as  executive  officer 
and  triangulator :  Francis  Klett,  topographer :  Louis  Seokels,  meteorological  recorder 
and  chainman  ;  Sergeant  Thomas  Knight,  Fourteenth  Infantry,  chain  man  ;  Private 
Joseph  Messer,  Fourteenth  Infantry,  cook  ;  Benjamin  Brown  and  Lewis  Brown,  boat- 
men ;  making  in  all  a  party  of  seven  men. 

The  boat  chartered  to  furnish  transportation  for  the  party  was  the  Joseph  Brown, 
of  Salt  Lake,  a  sloop-rigged  yacht  of  about  nine  tons  burden.  We  had  besides  a  cat- 
rigged  skiff,  which  was  used  in  landing  and  in  general  coasting  where  the  water  was 
shallow.  The  surveying  party  used  the  latter  boat  most  of  the  time,  as  good  headway 
could  be  made  with  the  oars,  even  when  the  wind  proved  unfavorable  for  sailing.  It 
drew  about  one  foot  of  water,  while  the  large  boat  drew  about  three  feet. 

Instruments,  rations,  and  the  general  camp-equipage  having  been  shipped  from 
Ogden,  the  party  proceeded  by  rail  from  that  point  to  Lake  Side  on  the  Utah  Cen- 
tral Bailroaa,  meeting  there  on  April  22, 1H79,  the  Messrs.  Brown  with  their  boat«.  The 
general  stores  were  at  once  loaded  on  to  the  boat,  and  evervthing  placed  in  readiness 
to  commence  the  survey  work  as  soon  as  the  weather  would  permit,  it  being  at  that 
time  stormy,  wet,  and  cold. 

In  plotting  the  work  of  la8t  year,  a  portion  of  it,  from  the  Jordan  River  to  Lake 
Side,  proved  unsatisfactory,  and  it  was  therefore  decided  to  run  a  new  line  between 
these  points,  so  as  to  correct  any  errors  there  might  be  in  the  old  work,  and  to  exercise 
the  men  in  their  duties  before  reaching  new  ground. 

The  weather  proving  favorable,  work  was  commenced  April  22,  and  from  that  time 
on  was  vigorously  prosecuted.  Stations  were  made  along  the  shore  at  distances  of  one  or 
two  miles  apart,  with  a  ten-inch  WUrdeman  transit,  and  the  position  of  each  marked 
by  a  strong  wooden  stake,  firmly  driven  into  the  ground  and  appropriately  marked 
and  numbered.  A  meander  line  was  run  between  these  points  with  a  Gnnter  chain 
and  a  Young  &  Son  transit  by  the  topographer  and  his  assistants,  which  afforded 
the  means  of  gathering  all  necessary  data  regarding  the  conformation  of  the  shore. 
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The  work  of  niDning  this  meander  was  very  fatigainfi:  and  trying  to  those  engaged  in 
it ;  the  walking,  almost  without  exception,  being  difficult,  either  from  water,  mad,  or 
loose  sand.  For  this  canse  and  for  the  reason  that  the  work  of  chaining  wonld,  of 
necessity,  be  freqaently  interrupted  along  the  western  shore,  and  especially  around  the 
rocky  shores  of  tne  islands,  this  method  of  conducting  the  meander  was  not  continued 
beyond  the  northern  end  of  the  Stansbury  range  of  mountains,  near  Skull  Valley ;  but 
from  that  point  forward  three-point  stations  with  the  large  instrument  were  made 
more  frequently,  and  the  shore  line  between  them  sketched  in  and  fised  by  cross-sights. 
This  change  enabled  ns  to  make  much  greater  progress,  and  it  is  thought  the  results 
will  prove  even  more  satisfactory,  # 

On  May  26  we  reached  the  point  where  work  was  discontinued  in  1878.  Each  of 
the  principal  islands  in  the  lake  was  then  visited  in  turn,  its  shore  meandered,  and  the 
highest  point  carefully  occupied  as  a  triangulation  station.  Stations  were  then  made 
with  the  large  instrument  at  three  different  points  on  the  promontory,  and  at  two 
points  on  the  eastern  main  shore,  to  serve  as  checks  to  last  year's  work.  The  shore 
line  of  the  lake  eastward  a  few  miles  from  the  mouth  of  Bear  River,  which  was  left 
unfinished  in  1878,  was  filled  in,  and  the  river  itself  meandered  from  its  month  up  as 
far  as  Corinne.  This  latter  point  was  reached  June  20,  and  here  we  dismissed  the  boat 
and  boatmen.    Thence  proceeding  by  rail,  we  arrived  in  Ogden  June  21. 

Preparations  were  at  once  made  to  visit  Mount  Grant  and  occupy  it  as  a  main  tri- 
angulation station  in  connection  with  our  work.  This  was  done  on  June  28^  and  on  our 
return  Mr.  Klett  and  myself  reached  Ogden  again  June  30.  The  other  members  of  our 
party,  Sergeant  Knight  and  Corporal  Brenholtz,  Fourteenth  Infantry,  delaved  at  Lake 
Side  to  assist  in  construction  of  an  evaporation  tank  for  determining  the  lake  evapo- 
ration, and  did  not  reach  Ogden  until  July  2. 

A  meander  of  the  Weber  Kiver,  from  the  Utah  Central  Railroad  bridge  at  Ogden  to 
the  lake  shore,  was  also  made. 

Observations  at  the  Ogden  office  are  now  being  made  during  three  days  of  each 
week,  to  determine  the  evaporation  from  the  lake  surface.  The  results  thus  far  show 
a  dail^  average  of  about  |  of  an  inch  for  the  month  of  July. 

While  on  the  lake  some  care  was  exercised  in  gathering  specimens  of  lake  water, 
salts,  fossils,  &o.,  to  add  as  far  as  possible  to  the  general  knowledge  of  the  country 
visited  by^s.  • 

Lines  of  soundings  were  made  whenever  possible  without  interfering  with  onr  other 
duties.  Time,  however,  did  not  permit  any  systematic  work  in  this  regard.  The 
water  brought  from  the  lake — in  all,  twelve  bottles — taken  from  the  bottom,  mid- 
depth,  and  surface,  respectively,  at  four  different  points  in  the  lake,  and  the  specimens 
of  mud  and  salt,  have  been  submitted  to  Professor  Kingsbury,  of  the  Deseret  Univer- 
sity, Salt  Lake  City,  for  analysis. 

Following  is  a  summary  in  brief  of  the  results  obtained  by  the  season's  labor: 

Points  occupied  as  main  triangulation  stations:  Mount  Grant,  Antelope  Island, 
Monument  Point,  Skull  Peak,  Stansbury  Island,  Lip  Peak ;  total,  6. 

Points  occupied  as  secondary  triangulation  stations:  Dolphin  Island,  Carrington 
Island,  Gunnison  Island,  Hat  Island,  Miller's  or  Fremont's  Island,  Strong's  Knob ; 
total,  6. 

Number  of  three-point  stations  with  large  instrument  ( Wtirdeman,  No.  160) . .  193 

Number  of  three-point  stations  with  small  instrument  (Young,  No.  5063) ....  218 

Number  of  pointings  made  on  primary  and  secondary  triangulation  stations.  2, 590 

Average  for  each  station 216 

Number  of  points  occupied  as  meander  stations 435 

Number  of  three-point  stations  at  land-office  stakes  or  marks 2 

Stone  monuments  built 50 

Variations  of  needle  by  Polaris 7 

Needle-readings  from  triangulation  points 4 

Number  of  miles  chained 92.27 

Number  of  miles  traveled  and  not  chained 300 

Camps  made 42 

Points  occupied  as  cistern-barometer  stations 12 

Points  occupied  as  aneroid-barometer  stations 2 

Highest  altitude  noted  (Mount  Grant),  feet , 10,500 

Lowest  altitude  noted  (lake  surface),  feet 4,200 

Mining  camps 1 

Days  in  travel 55 

Days  in  camp 15 

Streams  gauged 16 

Rock  specimens  collected 10 

Ore  specimens  collected 6 

Fossils  collected 12 

Botanical  specimens  collected 22 
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Zoological  specimeuB  collected,  some  in  water « 

Larv£B  of  insects,  cans 2 

Mad  from  lake  bottom,  bottles 2 

Kamber  of  soundings  recorded 500 

Deepest  sounding  made,  feet 39 

Very  respectfully,  your  obedient  servant, 

WiLLARD  Young, 
Second  Lieutenant^  Corps  of  Engineers, 
Capt.  George  M.  Whiselbr, 

Coi'pa  of  Engineers,  in  charge. 
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report  of   lieutenant   rogers  birnie,  jr.,   ordnance  corps,  in  charge  of 
party  no.  1,  colorado  section.  field  season  of  1878. 

United  States  Engineer  Office, 
GEOGiiAPUicAL  Surveys  West  of  the  One  Hundredth  Meridian, 

IFashington,  D,  C,  March  15,  1879. 

Sir  :  I  have  the  honor  herewith  to  submit  a  report  of  operations  of  Party  No.  1,  Col* 
orado  Section,  for  the  field  season  of  1878.      < 

The  party  to  which  I  was  assigned  was  organized  at  Fort  Qarland,  Colo.,  and 
left  that  place  for  the  field  on  the  26th  of  July,  The  following  persons  made  up 
the  party :  Lieut.  R.  Bimie,  jr.,  executive  officer  and  field  astronomer ;  Mr.  Louis 
Neil,  topographical  assistant;  Mr.  John  A.  Hassou,  meteorological  observer;  Mr.  G. 
H.  Schleicher,  meteorological  observer;  Mr.  E.  W.  Lyon,  odometer  recorder,  with 
Felix  Burgess  and  E.  W.  Davis,  packers;  Thomas  Wells  and  John  Johnson,  cooks; 
and  J.  B.  Grant,  laborer.  Mr.  E.  Gillette,  jr.,  afterward  joined  us  at  Santa  F^,  N. 
Hex.,  August  3,  1878,  and  throughout  the  season  performed  the  duties  of  assistant 
topographer. 

The  instruments  assigned  to  the  party  or  received  during  the  field  season  and  nsed 
by  as,  were.  Sextant  No.  1475  St>ackpole  &  Bros.,  and  artificial  horizon.  No.  11; 
theodolite  No.  123,  Bufi'  &,  Berger  (with  adjustable  standards),  reading  to  10'^ ;  theod- 
olite, No.  1G49,  St-ackpole  &,  Bros.,  reading  to  20'^;  transits,  Nos.  41)51  and  49.52,  Young  <& 
Sons,  reading  to  1';  compensated  steel  tapes,  Nos.  1  and  7  ;  one  odometer  vehicle,  single 
wheeled  ;  odometers  Nos.  10,  15,  and  16 ;  field  compass,  No.  8,  and  Abbott  compass,  No. 
11 ;  cistern  barometers,  Nos.  1988,  2159,  and  2161 ;  aneroid  barometers,  Nos.  2088  and 
2097,  with  attached  thermometers  ;  pocket  thermometers,  Nos.  17  and  24;  psy chrome- 
ters  (sets),  Nos.  5,  16,  and  20;  maximum  and  minimum  thermometers,  Nos.  6  and  14. 

The  party  was  designed  to  work  in  Southwestern  New  Mexico,  which  necessitated  a 
march  of  over  400  hundred  miles  from  Fort  Garland  to  reach  it!  field  of  work  proper, 
but  en  route  some  old  work  was  to  be  checked  and  the  country  between  the  Rio  Grande 
about  Albuquerque  and  the  Puerco  was  to  be  traversed  with  reference  to  its  topogra- 
phy and  the  routes  of  travel  from  Albuquerque  west  toward  Fort  Wingate. 

Enough  rations  were  taken  at  Fort  Garland  to  last  the  party  as  far  as  Sante  F6,  to 
which  place  we  first  proceeded.  The  meander  was  begun  at  the  ferry  near  the  mouth  of 
the  Trinchera,  and  thence  Mr.  Nell  went  through  the  lower  settlements  on  the  Conejos 
and  returned  to  the  Rio  Grande  at  Myers'  ferry.  An  old  stockade,  said  to  have  been 
made  by  Pike  near  the  Conejos,  was  sought  for,  but  its  site  could  not  be  certainly  fixed. 
From  Myers'  ferry  a  meander  was  run,  following  as  closely  as  possible  along  the  west 
bank  of  the  river,  to  the  ferry  and  ford  at  Cieneguilla.  Cattle  trails  were  found  the 
most  part  of  the  way,  but  no  travel  follows  that  route.  The  river  flows  through  a  deep 
and  rugged  caQon — the  bank  at  San  Cristobal  crossing,  600  feet  high,  may  be  taken  as 
an  average.  Cattle  crossings  are  found  opposite  Los  Cerros,  near  San  Cristobal,  and 
at  the  mouth  of  the  Arroyo  Hondo.  From  Cieneguilla  to  Santa  F^  our  route  was  over 
the  main  road,  which  had  been  surveyed  and  measured  by  your  parties  in  previous 
years. 

At  San  Ildefonso,  Mr.  Nell  with  a  small  party  left  us  to  survey  the  caiion  of  the 
river  between  that  place  and  Pefia  Blanca.  At  Santa  F6  I  made  arrangement  for 
rations  for  the  party  during  the  season,  and  our  barometers  were  there  compared  with 
those  of  the  Signal  Office.. 

We  left  August  6,  and  marched  to  Pefia  Blanca  where  Mr.  Nell  arrived  two  days 
later.  He  had  strictly  confined  his  route  to  the  cafion  of  the  river  from  San  Ildefonso 
down,  and  had  been  compelled  to  travel  a  good  part  of  the  way  along  the  rocky  slopes, 
without  trail  and  oftentimes  crossing  and  recrossing  the  river.    He  made  an  accurate 
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route  survey  of  this  exceedingly  rough  cafion.  Pefia  Blanca  was  a  suitable  place  from 
which  to  enter  the  country  t^at  we  desired  to  survey,  between  the  Rio  Grande  about 
Albuquerque  and  the  Puerco.  The  party  accordingly  marched  southwest  from  Pena 
Blanca  toward  the  little  plaza  of  San  Francisco  on  the  Puerco.  The  meandered  route 
crossed  the  river  at  Pefia  Blanca,  where  there  is  a  good  ford — ^followed  down  the  west 
bank  a  few  miles  to  Cubero  and  thence  was  over  a  little-used  trail  to  the  pueblo  of 
Santa  Clara  on  the  Jemez. 

Crow  Spring,  apparently  only  a  water-hole  but  having  permanent  water,  was  vis- 
ited ;  it  is  in  the  lava  bluffs  of  one  of  the  short  caflons  that  cut  up  the  cliffs  on  the 
west  side  of  the  river  in  this  vicinity,  and  about  one  and  three-fourth  miles  west  of 
Cube];o.  It  can  scarcely  be  made  of  use  except  for  cattle,  though  there  was  local  talk 
of  the  advantage  of  a  road  crossing  the  Rio  Grande  at  Cubero  and  passing  this  water, 
in  preference  to  the  established  road  through  PeQa  Blanca  toward  San  Ysidro  Springs, 
this  latter  being  very  sandy.  Near  this  water-hole  was  shown  me  the  bed  of  what 
could  only  be  a  very  old  and  long- since  disused  road ;  the  rough  lava  rocks  had  been 
well  cleared  to  either  side,  but  now  were  fallen  back,  while  there  appeared  a  well- 
worn  route,  making  a  straight  course  nearly  due  east  and  west,  and  visible  for  a  mile 
or  morekfrom  our  point  of  observation.  I  would  incline  to  attribute  its  origin  to  the 
Indians,  as  it  connects  apparently  the  Indian  towns  on  the  Rio  Grande  with  those  on 
the  Jemez,  but  in  that  case  the  amount  of  intercourse  betweeu  the  two  places,  as 
probably  also  the  Indian  population  and  power,  has  largely  decreased..  Indeed,  the 
pueblo  of  Santa  Clara  presented  to  the  traveler  a  most  marked  example  of  stagnation 
and,  inferentially,  of  decay.  It  is  built  on  the  bank  of  the  Jemez,  where  the  stream- 
bed  is  a  sand-flat  nearly  a  mile  wide,  and  the  little  rivulet  of  muddy  water  in  it  seemed 
scarcely  to  know  what  course  to  take ;  on  the  town  side,  the  sloping  bank  on  which 
it  is  built  extends  back  a  few  hundred  yards  to  the  lava  cliffs ;  on  the  opposite  side,  a 
few  scattered  cedar  trees  struggle  for  sustenance  in  a  ridge  of  sand-hills;  vegetation 
seems  to  have  deserted  the  place ;  there  were  no  gardens,  because  there  is  no  water  to 
irrigate  in  the  dry  season.  One  herd  of  about  40  cattle  was  brought  to  the  corral  in 
the  evening,  and  there  were  numerous  sheep  and  goats,  so  that  all  the  wealth  of  the 
town  semed  to  be  their  herds.  We  got  a  little  corn  for  our  animals,  which  must  have 
been  obtained  by  trade,  or  perhaps  their  cultivated  fields  were  distant  from  the  village. 
They  could  speak  a  little  poor  Spanish,  but  no  English.  There  was  a  church  and  a 
priest's  house,  kept  ready  for  the  padre  at  his  visit.  Their  food  consisted  principally 
of  milk  and  corn,  cooked  and  made  up  in  various  dishes.  The  isolation  of  this  town, 
apparently  due  more  to  the  desire  of  its  inhabitants  than  its  position  (for  it  is  less  than 
a  score  of  miles  from  the  towns  on  the  Rio  Grande),  made  it  for  me  an  object  of  strik- 
ing interest. 

Continuing  southwest  from  this  pueblo,  we  passed  through  the  sand-hills  along  the 
Jemez  and  crossed  an  elevated  table-land,  sloping  toward  the  Rio  Grande,  with  good 
grazing.  About  five  miles  from  the  Puerco,  the  well-defined  ridge  that  runs  parallel 
with  it  and  forms  the  divide  towards  the  Rio  Grande  was  crossed.  On  the  Puerco 
slope,  and  about  three  miles  from  the  river,  we  passed  Alum  Spring.  The  Puerco  Val- 
ley was  reached  just  after  it  had  been  visited  by  a  severe  rain-storm.  The  alkali  mud 
near  the  stream  was  in^laces  nearly  knee-deep  ;  the  water,  totally  unfit  for  use,  was 
flowing  in  a  narrow,  deep  stream  between  high  clay  banks.  The  character  of  this 
stream  makes  it  dangerous  to  cross  except  at  well-known  fords. 

From  the  Puerco  we  returned  to  the  Rio  Grande  at  Albuquerque,  taking  three  differ- 
ent routes.  Mr.  Nell  passed  over  a  portion  of  the  road  that  leads  from  San  Bernardino 
to  Salazar,  and  connects  with  the  Santa  F6  road  to  Fort  Wingate  through  Pena  Blanca; 
the  most  direct  road  from  San  Francisco  to  Albuquerque  was  taken  by  Mr.  Gillette ; 
the  third  meander  was  through  San  Ignacio  to  Albuquerque.  There  is  a  ford  of  the 
Puerco,  at  San  Ignacio,  and  thence  a  route  leads  west  toward  Cebolleta  and  Wingate. 
The  crossing  at  Albuquerque  may  be  made  by  ford  or  ferry.  The  ford  is  very  danger- 
ous, and  the  character  of  the  banks  and  stream-bed  makes  an  exceedingly  po<$r  place 
lor  a  ferry.  In  traveling  from  Albuquerque  south,  the  river  may  be  crossed  at  this 
point  and  the  road  down  the  west  bank  taken,  or  the  road  through  the  meadows  along 
the  east  bank  may  be  taken  to  the  ford  at  Isleta,  which  is  an  excellent  one.  ^  This  lat- 
ter road  is  somewhat  sandy  in  places,  and  in  this  respect  perhaps  somewhat  inferior  to 
the  other. 

From  the  ferry  at  Albuquerque,  in  addition  to  the  road  toward  Wingate  via  San 
Ignacio  and  the  road  down  the  river,  is  the  direct  road  to  Wingate,  which  crosses  the 
Puerco  about  eight  miles  below  San  Ignacio,  at  San  Luis  Rey ;  Mr.  Nell  took  this  road 
to  the  Puerco,  followed  down  that  stream  to  intersect  the  road  from  LosLunas  toward 
Wingate,  and  thence  proceeded  to  Los  Lunas,  where  I  had  gone  from  Albuquerque 
with  a  portion  of  the  party,  by  way  of  the  ford  at  Isleta.  We  had  thus  cross^  the 
strip  between  the  Rio  Grande  and  the  Puerco  bv  six  different  routes,  and  obtained  thor- 
ough and  i-eliable  data  concerning  its  topographical  and  economic  features.  There  are 
a  number  of  old  roads,  but  the  two  principally  used  between  Santa  F6  and  Wingate  are 
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fint  that  via  Pena  Blanoa  and  San  Ysidro,  and  second,  that  by  the  ford  at  Albaqaerqne 
and  San  Luis  Rey  bridge  on  the  Puerco.  Neither  of  these  roads  was  followed  by  us 
far  enough  to  determine  its  merits.  % 

The  travel  to  Camp  Apache,  Arizona,  from  the  railroad  termini  at  Alamosa,  Cal., 
and  Trinidad,  if  not  through  Fort  Wingate,  leaves  the  river  at  Los  Lnnas,  and  near 
Saint  John's,  on  the  Little  Colorado,  intersects  the  Camp  Apache  road  from  Fort  Win- 
gate.  Later  in  the  season  we  traversed  the  part  of  this  road  that  lies  between  Rita 
Qaemada  and  Saint  John's,  bnt  did  not  go  over  any  of  the  portion  between  Lios  Lnnas 
and  Rit4  Quemada,  which  is  said  to  be  very  destitute  of  water  in  the  dry  season. 
From  Los  Lnnas  we  followed  the  main  road  along  the  west  bank  of  the  river  to  Ali- 
millo.  My  object  was  to  traverse  the  North  Star  road — a  new  military  road  that  leads 
from  Fort  Bayard  north  and  passes  directly  through  a  portion  of  the  country  we 
meant  to  snrvey.  Properly  this  road  meets  the  Rio  Grande  near  the  mouth  of  the 
Paeroo,  but  that  portion  between  the  Socorro  Forks,  near  Pueblo  Spring  and  the 
Poerco,  had  been  surveyed  by  Lieutenant  Morrison's  party  in  1877.  I  therefore  went 
to  Alamillo,  and  took  the  cross-road  to  the  Socorro  Forks  by  way  of  San  Liorenzo 
Spring.  From  Pueblo  Spring  to  Monica  Spring  we  traveled  over  a  road  meandered  by 
Mr.  Thompson  in  1873.  Monica  Spring  is  in  atlas  sheet  84  A,  the  eastern  portion  of 
which  had  been  partly  surveyed  by  Thompson's  meander,  checked  by  triangulation  in 
1873,  and  completed  by  close  work  by  Morrison  in  1877,  but  the  only  work  done  in  the 
portion  west  of  the  ridge  of  the  Mimbres  Mountains  had  been  a  meander  by  Sommers  in 
1873.  Thompson's  and  Sommers'  surveys  had  been  plotted,  and  having  with  us  copies 
of  these,  we  were  enabled  to  see  what  had  been  done.  From  Monica  Spring  to  Fest's 
Ferry,  which  was  made  the  next  objective  point,  a  very  circuitous  route  was  taken, 
one  however  that  served  well  the  purpose  for  which  it  was  undertaken,  viz,  to  develop 
the  mountainous,  and  consequently  the  difficult  portion  of  the  country  we  had  to  survey. 
It  was  rather  in  the  nature  of  a  reconnaissance,  and  indeed  could  not  be  much  else,  as 
at  this  time  (August  20)  the  rainy  season  commenced,  and  we  had  rain  nearly  every 
day  dnring  the  succeeding  two  weeks  and  until  we  reached  Fest's.  Detailed  topogra- 
phy was  afterward  obtained  where  necessary,  as  we  revisited  the  country  at  a  better 
season,  when  working  up  the  adjacent  territory.  / 

The  North  Star  road  was  our  general  course  from  Monica  Spring  to  Magruder's,  or 
Uppf'r  Mimbres,  near  Georgetown.  It  follows  the  old  road  to  Luera  Spring  as  far  as 
the  Point  of  Rocks,  and  then  takes  a  southerly  course  into  the  western  slope  of  the 
Miembres  Mountains,  crossing  the  eastern  branches  of  the  headwaters  of  the  Gila  and 
comes  on  the  Mimbres  near  McKnight's  ranch,  follows  down  this  stream  a  few  miles 
to  Magruder's;  thence  there  is  a  well-traveled  road  to  G^rgetown,  Bayard,  and  Silv^er 
City. 

From  Monica  Spring  Mr.  Nell  meandered  the  trail  through  the  western  hills  of  the 
San  Mateo  Range  to  Ojo  Caliente  and  thence  the  trail  to  Shaw's  ranch,  on  the  North 
Star  road.  The  rest  of  the  party  followed  the  road  to  the  forks  of  the  Patterson  road 
across  San  Augustin  Plain  from  Ojo  Caliente,  thence  along  this  road  to  the  plain, 
skirted  the  edge  of  this  plain  a  few  miles  toward  the  south,  and  thence  proceeaed  to 
Shaw's  ranch  across  the  open  grassy  country,  where  head  the  extreme  (though  dry) 
drains  of  the  Gila  River ;  by  this  some  twelve  miles  of  the  road  was  not  traversed  (at 
this  time). 

I  had  desired  to  cross  the  Mimbres  Ranger  to  Fest's  Ferry  with  a  portion  of  the  party 
aboat  the  latitude  of  the  ferry,  but  the  ground  was  so  soft  that  it  was  impossible  to 
travel  off  the  road,  and  no  traveled  route  across  the  range  exists  between  Shaw's  (over 
the  trail  to  Ojo  Caliente)  and  the  one  we  finally  took,  which  leaves  the  Mimbres  some 
eleven  miles  below  Magruder's  and  crosses  the  range  near  Mule  Spring.  This  trail  is  the 
shortest  traveled  route  between  Magruder's  and  the  new  mining  town  of  Hillsboro. 
From  Hillsboro  we  went  by  trail  to  Palomas,  and  thence  along  the  river  road  to 
Feaf  s  Ferry. 

This  point  had  been  selected  as  the  best  adapted  for  carrying  out  your  instructions 
in  regard  to  ''finding  a  practicable  route  across  the  main  divide  of  the  continent  be- 
tween the  Rio  Grande  and  the  head  of  the  Little  Colorado,  so  situated  as  to  be  the  most 
direct  possible  between  £1  Paso  and  the  head  of  the  Little  Colorado."  It  was  believed 
that  in  the  ridge  of  the  Mimbres,  parallel  to  the  Rio  Grande  on  the  west,  there  was  no 
practicable  pass  between  Ojo  Caliente  and  where  the  range  merges  into  the  plains  to 
the  sonth  near  old  Fort  Cummings.  This  supposition  was  found  to  be  correct,  except 
that  a  route  somewhat  similar  to,  but  not  so  good  as,  that  by  way  of  Ojo  Caliente  was 
fonpd  by  Mr.  Nell  to  be  practicable  by  the  head  of  the  Cuchillo  Negro.  At  Fest's  a 
supply  of  rations  and  an  Indian  pony,  to  replace  one  that  had  died,  were  received  from 
Fort  Craig,  so  that  two  bell  mares  were  available,  and  the  pack-train  could  be  divided. 

The  fiarty  was  divided.  I  took  with  me  Messrs.  Gillette  and  Lyon,  and  E.  W.  Davies 
and  Johnson  as  packer  and  cook,  to  make  the  party  to  go  to  the  Little  Colorado.  The 
rest  of  the  party  were  left  with  Mr.  Nell  to  continue  the  regular  topographical  work. 
Mr.  Nell  was  instructed  to  work  southward  between  the  Rio  Grande  and  the  summit 
of  the  Mimbres  in  84  C,  and  afterward  west  from  the  river  toward  Fort  Bayard,  in 
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the  Bonthern  part  of  the  same  sheet.  We  were  to  meet  at  Fort  Bayard  on  m; 
about  the  middle  of  October.  From  Fest's,  by  way  of  Ojo  Caliente,  was  to  be  p 
ward  route ;  on  the  return  the  draini%e  of  the  San  Francisco  (a  branch  of  tii 
was  to  be  made  available  to  find  a  route  from  the  Little  Colorado  to  the  riei) 
Silver  City  or  Bayard,  whence  the  plains  lying  south  of  the  Mimbree  Moantal 
sent  no  obstacle  to  a  route  to  the  Rio  Grande  at  Mesilla. 
Both  divisions  of  the  party  left  Fest's  on  September  7.  I 

TRIP  TO  THE  LITTLE  COLORADO  AND  RETURN  TO  SILVER  dTT. 

The  accompanying  map  shows  the  ronte  taken  by  the  Little  Colorado  pi 
going  toward  that  river  and  the  distances,  the  profile  giving  the  elevatiooi 
other  routes  of  this  party  meandered  are  those  across  the  Datil  Moantains,  andj 
Tulerosa ;  and  the  return  route  to  Silver  City  by  San  Francisco  River  are  not  espj 
mapped,  no  well-defined  ronte  being  developed  by  them.  ] 

At  Pest's  is  a  ferry  and  a  good  ford  at  low  water ;  several  roads  converge  to 
the  Jornada  del  Muerto  or  the  plains  on  the  east  side  of  the  river.  They  &] 
Fest's  through  the  gap  in  the  Caballo  Mountains.  The  point  is  a  very  good 
to  approaches  from  that  side,  and  a  better  road-bed  can  be  bad  from  £1 
Fesrs  by  the  Jornada  del  Muerto  than  by  the  river,  owing  to  the  heavy  sand 
near  the  river,  and  as  the  plain  presents  a  more  even  surface.  The  map  shoj 
outward  route.  It  leaves  the  river  at  Fest's  and  passes  over  gradually-nsing  | 
until  a  high  grassy  plain  is  reached,  some  six  miles  from  the  river;  e 
plain  in  a  northwest  direction  until  the  abrupt  bank  of  the  caQon  Alamosa  is 
Down  this  a  road  could  be  constructed  at  any  desired  grade.  Once  in  this  cai 
drain  conducts  one  to  the  low  divide  to  the  plain  of  San  Angustin.  Betwei 
town  of  CafLada  Alamosa  and  the  government  post  at  Ojo  Caliente  the  canoQ 
many  places  very  narrow  and  somewhat  winding;  a  stream  some  six  feet  wid 
three  or  four  inches  deep  flows  through  it.  Apparently  there  would  be  daal 
wash  ii^  the  cafion  at  high  water,  but  the  wagon-road  now  passing  through  it  b 
used  for  a  number  of  years.  There  is  little  wash,  and  the  trunks  of  the  trees  and 
do  not  evidence  high  water,  and  scarcely  corroborate  the  story  of  the  water 
flowed  with  a  depth  of  several  feet  throughout  the  narrow  parta  of  the  cauon 
a  few  years  past.  Still  it  is  certain  that  ^reat  care  would  be  necessary  to  pi 
road  built  through  this  cafion  from  washing.  On  going  up,  the  cafion  pTopq 
near  the  hot  springs,  which  are  situated  in  the  little  valley  just  above  the  o^ 
This  opening  (or  entrance  in  going  down)  is  remarkable,  being  like  a  narrow gi 
in  the  rocks,  scarcely  more  than  30  feet  wide  and  with  perpendicular  walls  j 
dred  feet  high  or  more.  The  water  from  the  springs  which  form  the  stream  n 
shallow  rippling  flow  that  completely  covers  the  floor  of  the  gateway.  In  tb< 
cafion  below  and  24  miles  on  the  route  from  Fest's  is  the  town  of  Cafiada  Alai 
Mexican  town  of  perhaps  100  inhabitants,  who  simply  cultivate  the  flat,  here  \ 
mile  wide,  using  all  the  water  of  the  stream  for  irrigating  purposes.  The  gro 
productive ;  several  hundred  acres  are  under  cultivation.  A  few  miles  above  th 
the  cafion  narrows  as  stated.  A  stunted  growth  of  wood  appears  on  the  ban 
from  Oio  Caliente  good  timber  can  be  reached  within  a  few  miles.  A  sawm 
formerly  in  operation  here,  but  is  now  removed.  Throughout  the  cafion  the  si 
shallow  and  in  no  place  cuts  out  the  bed. 

In  September,  Ojo  Caliente  was  the  agency  for  about  300  Indians,  held  tl 
quasi  prisoners  of  war,  deprived  of  their  arms,  under  charge  of  Lieutenant  Co 
of  the  Fifteenth  Infantry,  with  a  guard  of  some  fifteen  soldiers.  The  bnildi 
good,  consisting  of  two  sets  of  officers^  quarters,  a  small  barrack,  a  trader's  s 
house,  and  a  good  corral.  The  place  cannot  but  impress  one  for  its  beauty  and 
The  warm  springs,  several  in  number,  with  a  temperature  of  85^,  are  on  the  sli 
the  low  hills  a  little  north  of  the  opening  of  the  cafion  and  about  a  half  mile  t 
buildings,  which  are  on  the  south  side  of  the  main  drain.  The  warm  springs 
the  most  of  the  water  of  the  stream,  but  there  are  copious  cold  springs  near  the 
ings.  From  the  west  several  broad,  open,  but  dry  drains,  filled  with  fine  _ 
verge  at  the  post.  It  is  up  the  longest  of  these,  from  the  northwest,  that  tl 
leads  toward  the  Little  Colorado.  After  Ojo  Caliente,  the  next  water  on  the  main 
Luera  Spring,  after  the  southern  arm  of  the  San  Augustin  Plain  has  been  c 
going  from  Oio  Caliente,  we  first  pass  the  fork  of  the  road  (Patterson's)  that  foi 
shortest  road  to  the  Tulerosa  Pass.  A  limited  supply  of  water  will  be  foai 
spring  on  this  during  the  greater  part  of  the  year  a  couple  of  miles  from  the 
In  this  vicinity  there  is  good  timber.  Shortly  after  the  divide  to  the  plfun  is  ~ 
are  seen  the  forks  of  the  road  to  Point  of  Rocks ;  next,  the  North  Star  road  is  cr 
right  angles.  The  direct  and  best  route  would  pass  through  the  low  hills,  I 
Luera  Spring  several  miles  to  the  south,  but  it  is  necessary  to  visit  this  pi 
water.  Plenty  of  timber  is  found  about  this  spring.  At  present,  the  spring 
filled  upi  the  water  supply  is  very  limited.    The  next  water  la  the  Enoinoea  p 
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with  a  evel  plain  to  cross  to  within  a  mile  and  a  half  of  the  sprinf^.  A  road  forks  to 
the  Tnlerosa  Pass,  a  couple  of  miles  from  Lnera,  and  on  the  west  side  of  the  plain  the 
direct  road  from  Puehlo  Spring  (or  Socorro)  to  the  Tnlerosa  Pass  is  crossed. 

Encinosa  is  an  ahnndant  spring;  small  oak  trees  grow  ahont,  and  line  pine  timher 
can  be  had  from  the  slopes  of  the  Horse  Mountain,  a  few  miles  to  the  west.  Leaving 
Encinosa,  the  road  traverses  hilly  country  for  several  miles,  hut  again  enters  the  long, 
dry,  and  gently-sloping  drain  that  is  crossed  where  the  road  left  the  San  Augustin 
Plain,  plainly  giving  an  excellent  grade  if  we  pass  around  to  the  north  of  the  hills 
about  Encinosa,  but  in  this  case  the  road  would  not  pass  the  spring  by  a  mile  or  more. 
Our  road  now  follows  one  fork  of  this  drain  up  a  gentle  declivity  to  the  Continent-al 
divide,  which  is  crossed  a  few  miles  to  the  southwest  of  a  well-marked,  souare-topped 
mountain,  called  El  Creston.  On  the  west  side, the  road  descends  somewhat  abruptly 
for  about  a  half  mile ;  then  the  slope  is  gentle  to  Rito  Mangas,  where  is  an  abundant 
spring,  and  the  road  enters  the  dram  of  the  Burnt  Fork  of  the  Little  Colorado.  For 
several  miles  on  the  west  slope  and  adjacent  to  the  road  all  the  way  from  Encinosa  to 
the  divide  is  an  abundance  of  fine  timber,  much  of  that  about  the  divide  being  of  a 
suitable  size  for  telegraph-poles. 

On  the  east  side,  several  miles  from  the  divide,  is  passed  a  growth  of  willows,  where 
water  can  apparently  be  had  by  digging,  but  the  amount  would  probably  be  small. 
From  Rito  Mangas  to  Carrizo  Spring,  or  about  17  miles  from  Saint  John's,  the  road 
follows  or  is  adjacent  to  the  bed  of  the  Burnt  Fork,  and  its  gentle  slope  leaves  no  ques- 
tion about  the  grade.  At  Rita  Qnemada  is  another  large  spring,  forming  a  stream  that 
runs  for  several  miles  as  at  Rito  Mangas.  At  both  these  places  Mexican  settlements 
have  been  established  within  a  few  years.  There  are  three  or  four  houses  at  Rita 
Mangas,  and  perhaps  twelve  at  Rita  Qnemada ;  probably  50  acres  are  under  cultiva- 
tion at  the  former  place,  and  four  times  as  much  at  the  latter.  At  Rito  Mangas  are  to 
be  found  the  first  settlers  after  leaving  OJo  Caliente  (a  cabin  has  been  put  up  at  Enci- 
nosa, but  was,  at  the  time  we  passed,  unoccupied).  As  before  stated,  we  intersect  at 
Rita  Qnemada  the  road  from  Los  Lunas  to  the  Little  Colorado.  No  large  timber  is 
found  near  the  road  to  Saint  John's  after  leaving  the  vicinity  of  Rito  Mangas,  but  the 
road  frequently  passes  through  growths  of  stunted  cedar.  After  Rita  Quemada,  the 
next  point  of  interest  is  Salt  Lake.  Shortly  before  reaching  it  a  road  forks  to  the 
left  that  leads  to  Milligan's  on  the  Little  Colorado,  by  way  of  Coyote  Spring.  The  road 
passes  just  along  the  north  side  of  the  Salt  Lake,  and  from  it  one  can  look  down  into 
a  depression  covering  several  square  miles,  the  lowest  parts  of  which  are  covered  by 
the  waters  of  the  lake,  a  hundred  feet  or  more  below  the  general  surface.  The  depres- 
sion has  evidently  been  formed  by  volcanic  action ;  a  couple  of  small  black  cones 
(craters)  rise  from  the  water.  In  one  of  these  is  said  to  be  a  small  lake  with  water  of 
much  greater  saltness  than  the  outer  lake.  The  proportion  of  salt  in  this  water  is  not 
known,  but  is  very  great,  and  the  bottom  of  the  lake  is  covered  with  a  thick  layer  of 
salt,  to  obtain  which  it  is  only  necessary  to  throw  out  the  sediment  on  the  beach  and 
wash  with  clean  water.  It  is  the  source  of  salt  supply  for  a  large  area  of  country —  , 
among  others  the  Znfii  Indians,  who  are  said  to  hold  the  vicinity  in  great  awe.  A 
spring  of  pure  water  issues  from  the  bank  of  the  depression  near  the  west  side  of  the 
lake ;  we  did  not  visit  the  spring.  After  leaving  the  lake,  in  a  few  miles,  the  road 
passes  a  number  of  fresh- water  lakes — shallow,  but  quite  extensive,  and  with  appa- 
rently  enough  water  to  last  through  the  year,  but  it  is  believed  they  would  be  quite 
dry  in  May  and  June.  The  first  permanent  fresh  water  convenient  to  the  road,  after 
Rita  Qnemada,  is  found  at  Tule  Spring,  in  the  immediate  vicinity  of  which  there  is 
no  wood.  Shortly  after  this  the  road  leaves  the  drain  and  crosses  the  hills  to  La  PiUa, 
and  thence  to  Saint  John's.  The  drain  of  the  Burnt  Fork  continues  in  a  northwest  di- 
rection, intersects  the  Znfii  River  several  miles  from  its  month,  and  with  the  Zufli 
reaches  the  Colorado  some  15  miles  below  Saint  John's ;  thus  indicating  a  natural  grade 
to  the  Little  Colorado.  Adjacent  to  the  present  wagon-road  from  Carrizo  to  Saint 
John's,  the  hills  are  rough  enough  to  make  the  grading  of  a  railroad  difficult,  particu- 
larly on  the  slopes  toward  the  n ver ;  for  here  we  cross  a  ridge  of  broken  hills,  rapi  ly 
falling  several  hundred  feet  to  the  plain  adjacent  to  the  river.  A  wagon-route  to 
Apache  could  probably  not  be  better  located  than  the  present  road,  but  a  railroad  hav- 
ing in  view  extension  down  the  Little  Colorado  would  undoubtedly  find  a  better  route 
to  follow  the  drain.  We  passed  over  the  portion  of  the  road  in  the  Burnt  Fork  just 
after  the  rainy  season,  and  found  its  bed  in  many  places  very  soft  and  miry,  but  this 
objection  would,  I  think,  not  exist  out  of  the  months  of  August  and  September. 

In  going  over  this  route  I  think  any  one  could  not  help  being  impressed  with  its 
directness,  its  giude,  and  the  character  of  its  bed,  with  little  exception.  The  Conti- 
nental divide  can  be  crossed  by  either  a  rail  or  wi^on  road  without  difficulty.  The 
route  is  ^nerally  well  watered,  and  much  of  it  welltimbered,  while  from  Ojo  Caliente 
to  the  Little  Colorado  there  would  be  no  bridging  and  little  cutting  to  ma^e,  even  for 
a  railroad.  A  direct  line  from  El  Paso  to  the  mouth  of  the  Zu&i  wfll  be  fouua  to  pass 
not  more  than  35  miles  ht>m  Fest's  Feny,  the  point  at  which  we  left  the  Rio  Graude 
Valley  to  cross  the  mountains.    It  will  be  seen  that  this  direct  line  cuts  through 
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the  most  iDaccessible  parts  of  the  Mimbres  Mountains,  making];  it  necessary  to 
either  to  the  north  or  south  of  this  group.    This  route  by  Fest's  is  to  the  north, 
stated,  Mr.  Nell  found  that  a  sood  grade  for  a  road  could  be  established  from  the  Sit] 
Grande,  by  way  of  the  Cuchillo  Negro,  through  the  mountains  to  Shaw's  Ranch  od  thi| 
North  Star  road.    Other  observations  in  the  countxy  north  and  west  showed  that  tiaij 
route  might  be  continued  to  connect  with  that  by  way  of  Ojo  Calient-e  at  some  poist 
in  the  San  Augustin  plain.    With  a  view,  however,  to  a  route  to  the  Little  Colond« 
from  the  Southern  Rio  Grande  by  this  way,  it  would  be  necessary  to  follow  np  tbej 
Rio  Grande  as  far  as  Palomas;  thence  the  land  between  that  stream  and  the  CacbiQlj 
Negro  could  be  crossed  to  the  drain  of  the  latter.    To  leave  the  Rio  Grande  below  Pv. 
lomas  and  to  attempt  to  reach  the  Cuchillo  Negro  would  necessitate  the  crossing  d] 
one  or  more  of  those  terrible  cuts  that  the  streams  flowing  into  the  Rio  Grande  iotlaij 
vicinity  make  in  the  gravelly  table  between  the  river  and  the  Mimbres  MonDtaiii&| 
Between  the  head  of  the  Cuchillo  Negro  and  Shaw's  there  is  a  great  deal  of  manbf ' 
land,  and  the  route  through  the  cafion  would  be  less  direct  than  the  Cafiada  A1amo§fc 
Then  from  Shaw's  to  the  San  Augustin  plain  the  route  would  necessarily  be  eitiw 
difllcult  or  circuitous.    I  conclude  that  the  Canada  Alamosa  offers  a  route  qaite  ti 
short  as  the  other  and  much  easier,  there  being  already  a  good  wagon-road,  while  then 
IB  not  even  a  trail  by  the  Cuchillo  Negro. 

Near  La  Pilla  is  crossed  the  boundary  line  between  New  Mexico  and  Arizona.  Stint 
John's  is  a  town  of  about  200  inhabitants,  most  of  them  Mexicans.  The  roads  fioa 
Wingate  and  from  the  Rio  Grande  (Los  Lunas)  to  Apache  join  at  the  town.  The 
Little  Colorado,  here  a  stream  some  12  feet  wide  and  8  inches  deep,  is  crossed  byi 
ford.    The  road  to  Apache  afterward  passes  by  Cave  Spring,  &:c. 

A  road  leads  up  the  stream  toward  SpringervillCi  about  30  miles  distant.  We  took 
this  route  to  examine  the  vallev  of  the  stream.  Six  miles  from  Saint  John's  is  foood 
two  remarkable  springs,  called  ''Salt  Springs."  Both  present  a  circular  sor^Meat 
water ;  the  largest  is  about  20  feet  across.  About  the  springs  the  surface  is  a  sedi- 
mentary rock,  probably  lime,  formed  by  deposits  from  the  water,  which  is  not  cold. 
Near  the  waters  edge  the  rock  has  formed  most  rapidly,  and  presents  a  wall  which  is 
now  more  than  a  foot  above  the  surrounding  surface.  The  water  flows  in  small  qaaD> 
tity  over  the  edge  of  the  wall,  which  on  the  interior  is  nearly  perpendicular.  Th« 
deeper  of  the  two  springs  is  40  feet.  All  around  the  springs  is  an  alkali  marsh,  but 
the  sedimentary  rock  has  made  a  solid  footing  extending  in  one  direction  about  U4 
feet  from  the  springs.  The  two  are  about  40  yards  apart.  A  ranch  has  been  built 
close  to  the  springs,  and  is  inhabited.  The  water  is  not  unfit  for  use,  and  is  dmnk  b? 
cattle.  A  few  miles  above  these  again,  on  the  same  side  of  the  stream  (the  west),  is 
found  a  similar  series  of  springs,  called  Tule  Springs.  The  country  about  is  roagh, 
and  cliffs  50  to  100  feet  in  height  rise  near  the  stream,  sloping  to  the  higher  coaotrf 
on  either  side.  The  stream  occasionally  flows  through  cultivable  valleys,  containing 
from  a  few  acres  to  several  hundred.  Evidences  of  cliff-dwellers  are  numerous.  An 
old  burial  cave  was  found  near  Tule  Spring,  but  was  burned  out  by  some  carelesa  or 
superstitious  visitors.  Old  pottery  may  be  found  on  the  hills,  and  remains  of  stone 
dwellings. 

A  Mexican  living  at  Tule  Spring  is  now  using  to  irrigate  his  land  a  ditch  of  stone. 
The  water  used  is  derived  from  the  Tule  Spring,  and  the  ditch  has  been  so  long  in 
use  that  it  is,  so  to  speak,  fossilized.  The  present  owner  knows  nothing  of  wbo  made 
it,  and,  with  reason,  attributes  it  to  the  old  inhabitants.  Lying  on  the  surface  of  tbe 
ground  near  by  are  the  remains  of  another  ditch,  the  segments  of  trongh- shaped  stones 
being  in  position  for  100  yards  or  more.  A  few  settlers  are  found  along  the  stream. 
The  road  is  difficult,  encountering  a  number  of  hills,  and  within  12  miles  of  Springer- 
ville  leaves  the  stream  and  traverses  a  high  lava  mesa.  The  stream  cuts  through  this 
in  a  narrow,  deep  ca&on,  having  in  one  place  an  extended  and  rapid  faJl.  To  coDStnct 
a  good  wagon-road  would  require  much  labor. 

Springerville  is  a  thriving  and  growing  settlement,  situated  in  a  beantiful  vallev  of 
the  stream.  There  are  probably  150  inhabitants,  a  number  of  whom  are  Mexicans,  bat 
the  improvements  are  due  to  Americans.  Mr.  Milligan  was  one  of  the  first  American 
settlers,  and  owns  a  ranch  and  mill.  A  road  through  the  Datil  Mountains,  from  the 
San  Augustin  plain,  bears  his  name.  From  Springerville  the  road  continues  to  Camp 
Apache. 

The  Milligan  road  is  not  used  for  through-travel  from  the  Bio  Grande.  The  load 
which  branches  from  the  Saint  John's  road  at  Salt  Lake  joins  the  Milligan  road  at 
Coyote  Spring  and  passes  through  Springerville,  but  the  greater  portion  of  the  travd 
is  by  way  of  Saint  John's  to  Apache. 

The  Tulerosa  Pass  had  been  supposed  the  best  through  which  to  cross  the  Conti- 
nental divide  :  in  goin^  out,  however,  we  had  left  it  quite  to  the  south.  To  reach  Q» 
Little  Colorado  at  Springerville  from  the  San  Augustin  plain  had  been  my  origin^ 
intention,  but  the  route  by  the  Mangas  Pass  had  been  found  so  direct  and  good  that  it 
was  first  traversed.  Even  to  come  upon  the  Little  Colorado  at  the  mouth  of  the  Zofii, 
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45  miles  below  SprlDgerville,  gives  a  most  direct  route  to  contlnae  down  the  Little 
Colorado. 

We  proceeded,  however,  to  examine  the  Milligan  road  and  the  Talerosa  Pass,  partly 
with  a  view  to  a  roote  from  San  Augnstin  plaiu,  and  partly  to  find  a  route  from  Spring- 
erville  to  tbe  Tulerosa  Creek,  which,  being  a  tributary  of  the  San  Francisco,  wonld,Tf 
it  could  be  reached,  offer  a  passage  from  Springerville,  by  way  of  the  San  Francisco, 
to  Silver  City,  which  I  had  before  planned  as  a  return  route. 

A  trip  was  made  from  Springerville,  over  the  Milligan  road,  to  the  San  Augnstin 
plain.  Returning  to  Springerville  a  circnitons  route  was  taken.  We  crossed  the  pass 
to  Tulerosa,  looked  for  a  route  up  Apache  Creek,  and,  failing  in  this,  kept  west  along 
the  head  of  tbe  drains  of  the  San  Francisco,  and  tried  (from  Parians  Spring)  the  pass 
of  the  Datil  Mountains  at  the  head  of  one  of  the  drains  of  the  main  stream,  which, 
passing  by  the  new  settlement  of  Las  Lentes,  cuts  through  the  San  Francisco  Mount- 
ains in  a  deep  gorge. 

Aft'Crward,  from  Springerville,  a  final  route  was  examined  to  the  drains  converging  at 
Las  Lentes,  by  passing  from  Springerville  up  Nutrioso  Creek  and  by  the  west  side  of 
the  Escndilla  Mountains,  where  the  most  northwesterly  branch  of  the  San  Francisco 
was  headed  and  followed  down  to  Las  Lentes. 

Both  routes  from  Springerville  to  Las  Lentes  were  found  difficult ;  that  by  the  east  of 
the  Escndilla,  and  which  would  fork  from  the  Milligan  road  between  Cienega  Ama- 
rilla  and  Oak  Springs  to  cross  a  low  pass  of  the  Datil,  is  generally  the  best,  although  a 
few  miles  longer.  The  other  route  already  has  a  tolerable  wagon-road  from  Springer- 
ville to  Bash  Valley,  which  is  near  the  head  of  the  northwest  branch  of  the  San  Fran- 
cisco :  but  from  Bush  Valley  to  Las  Lentes  the  conntry  is  well  nigh  impracticable  for 
a  road  of  any  kind,  withont  a  great  amount  of  labor.  At  present  a  very  rough  road 
passes  along  on  the  north  side  of  the  stream.  No  natural  road  could  be  had  close  to 
the  stream,  which  for  a  good  part  of  its  course  passes  through  narrow  locky  cafions. 
But  any  well-graded  route  by  Las  Lentes  to  the  Lower  San  Francisco  must  pass  through 
the  gorge  of  the  stream  in  the  San  Francisco  Mountains. 

A  personal  examination  of  this  gorge  showed  it  to  be  impassable.  For  a  couple  of 
miles  it  narrows  to  a  mere  crevice,  with  pei*pendiculs(r  walls  of  rock,  being  several 
hundred  feet  in  height  and  the  water  of  the  stream  completely  filling  the  winding 
crevice  from  one  rocky  eide  to  the  other. 

To  return  to  the  Milligan  road  and  the  Tulerosa  Pass  :  The  grade  of  the  road,  al- 
though it  might  be  improved  in  places,  cannot  be  made  good,  and  some  bad,  rocky 
places  cannot  be  avoided.  The  Tulerona  Pass  is  essentially  a  southwest  one,  and  while 
it  offers  an  easy  route  from  the  San  Augustin  plains  to  the  Tulerosa  Creek,  and  hence  gives 
access  to  the  basin  of  tbe  San  Francisco,  it  in  no  way  offers  a  pass  to  the  Little  Col- 
orado. Tbe  rough  country  about  where  the  Tulerosa  Creek  heads  in  the  southwest 
angle  of  the  Datil  Mountains  and  the  Continental  divide,  tbe  Datil  Mountains  tbem- 
selves,  and  the  cut-up,  dry,  mesa  country  to  the  north  of  them,  combine  to  make  a 
well-graded  route  from  tbe  vicinity  of  Old  Fort  Tulerosa  to  the  Little  Colorado  a  diffi- 
cult thing  to  accomplish. 

As  before  stated  the  final  attempt  to  find  a  route  from  Springerville  and  follow  down 
the  San  Francisco  was  made  by  Nutrioso  Creek  (which  enters  the  Little  Colorado  at 
Springerville),  thence  down  the  San  Francisco  to  Las  Lentes.  From  Las  Lentes  to  the 
settlements  of  San  Francisco,  where  tbe  Tulerosa  joins,  great  difficulty  was  experienced 
in  traveling  with  only  loose  pack-mules.  It  was  impossible  to  go  through  tbe  gorge 
of  the  stream,  and  to  cross  the  San  Francisco  Mountains,  which,  on  their  south  side,  fall 
in  a  succession  of  upturned  ntrata  bluffs  where  only  a  dim  game-trail  could  be  found 
in  places,  and  the  pack-train  was  nearly  three  days  in  traveling  a  direct  distance  of 
about  fifteen  miles. 

Some  idea  of  the  rough  character  of  this  country  can  be  had  from  what  has  been 
said,  but  without  a  good  map  it  is  difficult  to  conceive  how  effectually  nature  has 
wrought  to  prevent  man  from  traveling  whither  be  may  list.  The  headwaters  of  the  San 
Francisco,  including  the  Tulerosa,  heading  in  tbe  Escndilla  and  Datil  Mountains  and 
afterward  flowing  through  tbe  San  Francisco  Range,  which  is  south  of  and  generally 
parrallel  to  the  others,  are  encased  in  narrow,  rocky  caHons,  often  boxed,  and  tbe  coun- 
try about  there  can  scarcely  be  described  by  saying  that  it  is  very  rough.  But  tbis 
rough  country  is  not  witbout  redeeming  features,  as  much  of  the  basin  between  tbe 
Escudilla,  Datil,  and  San  Francisco  Ranges  is  made  of  open  grassy  country  and  pleas- 
ant valleys.  Las  Leutes,  a  small  Mexican  settlement,  is  in  this  basin.  Fine  timber  is 
growing  over  the  Escndilla,  Datil,  and  on  the  north  slope  of  tbe  San  Francisco.  Oc- 
casionally fertile  valleys  are  found  along  the  streams.  The  Nutrioso  is  fast  settling  up, 
and  in  Bush  Valley,  before  mentioned,  a  thriving  settlement  has  l^een  started  within 
a  few  years  by  Mr.  Bush  and  bis  sous,  and  otber  settlers  are  now  coming  in.  On 
Apache  Creek  is  a  recently  established  Mexican  settlement  called  Apachita.  At  Old 
Fort  Tulerosa  is  a  settlement  of  Americans  and  Mexicans.  Along  the  road  between  this 
and  the  San  Francisco  plazas  are  other  settlers,  and  these  latter  plazas,  three  in  num- 
ber, already  quite  extensive,  are  rapidly  growing  Mexican  towns,  and  now  contain 
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seyeral  hundred  iDbabitants.  A  fine  cattle-ranch  has  been  taken  up  by  Mr.  Patter- 
son, at  Cienega,  at  the  western  edge  of  the  San  Aagustin  Plain.  A  few  milee  north  of 
this  is  Horse  Spring  (also  taken  up)  on  the  road  from  the  Rio  Grande  to  Old  Fort  Ta- 
lerosa.  All  of  these  settlementSt  including  Springerville,  trade  with  the  towns  on  the 
Rio  Grande.  Although  Silver  City  is  much  nearer,  their  roads  lead  to  the  Rio  Grande 
but  none  to  Silver  City.  The  utility  of  one  is  apparent,  but  even  from  the  plazas  it 
will  be  a  difficult  matter  to  get  a  good  wagon-road  to  Silver  City. 

In  proceeding  from  the  plazas  to  Silver  City  we  still  follow  down  the  San  Francisco, 
which,  after  the  Tulerosa  joins,  is  a  rapid  stream  some  fifteen  feet  wide  and  a  foot 
deep.  A  dim,  little-used,  and  washed-out  road  was  followed  down  the  cailoQ  some 
twenty  miles  until,  owing  to  the  narrowing  of  the  cafion,  the  road  is  compelled  to  take 
the  hills  on  the  west  side,  and,  after  a  rou^h  route  of  some  six  miles,  returns  to  the 
stream  at  the  head  of  what  is  called  the  ''Meadows,''  where,  for  five  or  six  miles,  the 
stream  flows  through  open  meadows,  in  places  a  mile  or  more  in  width.  At  the  foot 
of  the  meadows,  in  which  we  found  the  first  settler  was  just  establishing  himself,  the 
road  again  leaves  the  river  and  is  somewhat  rough  and  hilly  for  a  few  miles  to  White- 
water Creek,  where  is  another  embryo  settlement.  A  couple  of  miles  below  White- 
water the  road  finally  leaves  the  stream  and  crosses  the  drains  from  the  Mogollon 
Mountains  toward  Duck  Creek  Pass.  Entering  this  a  fine  slope  extends  to  the  GiU 
River.  The  road  from  Duck  Creek  to  Mule  Spring  is  intersected  near  the  pass.  We 
found  t^at  little  work  had  been  done  on  the  road  above  Whitewater.  With  the  ex- 
ceptional cases  where  it  traverses  open  ground  it  can  scarcely  be  called  a  road  until 
four  or  five  miles  below  Whitewater,  from  which  point,  towards  Duck  Creek,  enough 
work  has  been  done  to  get  tolerably  over  the  bad  places.  The  present  route,  with  a 
good  deal  of  labor,  could  be  made  a  passably  good  wa^on-road  from  where  it  comes  to 
the  stream  at  the  upper  end  of  the  meadows,  or  probably  twenty-five  miles  below  San 
Francisco  to  the  Gila,  whence  there  is  a  good  wagon-road  to  Silver  City  by  Mangu 
Spriugs.  The  twenty  miles  of  road  through  the  cafion  of  the  San  Francisco  below^ 
the  plazas  can  never  be  kept  in  repair  owing  to  the  sandy  character  of  the  soil  and 
coDsequent  liability  to  wash.  To  build  a  road  there  would  require  a  large  outlay  for 
bridges  and  grading  as  well. 

Mr.  Morley,  engineer  in  charge  of  survey  party  for  the  Atchison,  Topeka  and  Santa 
F^  Railroad,  went  over  this  route  from  the  Tulerosa  Pass  a  short  time  before  we 
traversed  it. 

The  principal  difficulty,  then,  in  building  a  wagon-road  from  the  San  Francisco 
plazas  to  Silver  City  is  met  in  the  first  25  miles  from  the  plazas. 

There  is  a  fair  road  from  the  plazas  up  Tulerosa  Creek,  which  passes  the  settlement 
at  Old  Fort  Tulerosa,  and  thence,  by  way  of  Tulerosa  Pass,  leads  to  San  Augustin  plain, 
and  gives  an  outlet  to  the  Rio  Grande. 

The  people  at  the  plazas  believe  a  road  can  be  built  from  the  towns,  keeping  in  the 
foot-hills  to  the  north  and  west  of  the  stream,  and  coming  upon  it  at  the  upper  end  of 
the  meadows  before  referred  to.  In  this  event,  and  probably  without  a  great  outlay 
of  labor,  a  mountain  road  can  be  constructed  from  the  plazas  until  the  good  part  of 
the  route  is  reached  below  Whitewater  Creek,  whence  there  is  a  good  road-to  Silver 
City. 

Springerville,  Ariz.,  on  the  Little  Colorado,  should  be  connected  with  Silver  City, 
New  Mexico,  by  road.  The  road  from  Springerville  to  Bush  Valley,  being  direct,  would 
be  utilized  as  far  as  the  pass  of  the  Escndilla  Range,  and  probably  as  far  as  Bush 
Valley.  From  this  place  we  tried  to  fiud  a  route  by  following  the  drain  of  the  San 
Francisco  and  found  it  impracticable.  A  more  direct  route  would  be  through  the  hills 
directly  south  from  Bush  Valley.  It  would  probably  have  to  pass  to  the  southwest  of 
the  San  Francisco  mesas  and  reach  the  San  Francisco  at  the  meadows. 

Had  opportunity  permitted  I  should  have  gone  over  this  route  also ;  bnt  the  drain 
of  the  San  Francisco  was  selected  as  probably  the  most  feasible.  It  is  probable  that, 
whether  assisted  by  the  government  or  not,  the  people  of  the  country  will  construct  a 
road  somewhere  in  the  vicinity  of  this  indicated  route  within  a  few  years. 

From  Duck  Creek,  instead  of  following  the  wagon-road  to  Silver  City  by  Mangas 
Springs  (known  to  be  good),  we  took  the  trail  passing  by  the  north  of  Bear  Peak. 
We  crossed  the  Gila  about  five  miles  above  Old  Fort  West,  where  there  is  a  thriv- 
ing farming  settlement  called  *' Upper  Gila.''  The  river  above  breaks  out  from  a 
rocky  gateway,  in  sight,  in  the  Diablo  Mountain,  and  here  flowing  through  the  open 
conntrv  is  a  rapid  stream  about  25  feet  wide  and  12  or  15  inches  deep.  From  the  Gils, 
until  the  old  saw-mill  at  the  head  of  Bear  Creek  and  near  to  Bear  Peak  was  ri^acbed, 
we  had  a  roagh  trail ;  thence  to  Silver  City  a  well-traveled  wood  road. 

On  the  30th  of  October  we  reached  Fort  Bayard,  and  joined  the  remainder  of  the 
party  at  Apache  Tejo  two  days  later.  The  result  of  our  observations  up  to  this  time 
showed  (1)  that  a  good  wagon-road  already  exists  from  Fest's  Ferry  by  way  of  Cafiada 
Alamosa,  Ojo  Caliente,  Luera,  and  Enciuosa  Springs,  and  the  Burnt  Fork,  to  Saint 
John's,  on  the  Little  Colorado ;  (2)  that  a  railroad  could  readily  be  constructed  over 
or  contiguous  to  this  route ;  (3)  that  if  the  course  of  the  Rio  Grande  were  adhered  to  in 
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pawing  Dorth  from  £1  Paso  it  might  be  possible  to  somewhat  shorten  the  total  distance 
between  El  Paso  and  Saint  John's  (over  the  way  by  Fest's)  by  constructing  the  desired 
road  by  way  of  the  head  of  the  Cnchillo  Negro,  and  thence  joining  the  first  in  the  San 
Angustin  plain ;  (4)  that  the  vicinity  of  the  Tulerosa  Paaa  offers  no  good  passage  to 
the  Little  Colorado  for  either^i  wagon  or  rail  road;  (5)  that  to  connect  Springerville 
with  Silver  City  by  direct  route  will  be  difficult,  and  at  best  it  will  be  a  mountain 
wagon-road ;  and  (6)  that  between  these  two  routes  the  country  is  so  broken — there 
being  the  Mimbres,  the  Mogollon,  the  Diablo,  the  Tulerosa,  and  the  Escudilla-Datil 
Mountains — that  it  is  considered  impracticable  to  construct  a  route  in  the  direction  de- 
sired, namely,  in  the  northwest  and  southeast  direction,  for  this  direction  cuts  across 
these  ranges. 

The  usual  observations  were  made  on  this  trip,  a  continuous  meander  line  run,  topo- 
graphical notes  taken,  the  measurements  being  made  by  odometer.  Cistern-barome- 
ter observations  were  made  as  far  as  Encinosa  Spring ;  after  that,  the  cistern  being  out 
of  order,  the  altitudes  depend  upon  aneroid  readings.  Adjacent  to  that  portion  of  our 
route  within  the  limits  of  atlas-sheet  S4  A,  i.  e.  about  the  San  Angustin  plain,  a 
number  of  topo^^phical  stations  .were  occupied.  From  San  Francisco  Plaza,  Eagle 
Peak  was  occupied  as  a  main  triangulation  station  on  the  23d  of  October.  The  princi- 
pal points  sighted  were  Madalena,  San  Mateo  Cook's  and  Thomas  Peak  (of  the  White 
Mountains).  The  three  first  made  complete  triangles  in  connection  with  Maxson's  work 
of  1877,  and  Nell's  occupancy  of  Cook^s  Peak,  current  year. 

MR.  NELL'S  PARTY. 

During  our  absence  on  this  trip,  Mr.  Nell,  with  his  party,  had  been  steadily  work- 
ing in  the  country  proposed.  He  had  surveyed  the  country  between  the  ridge  of  the 
Mimbres  and  the  Rio  Grande,  from  the  Cnchillo  Negro  south  to  the  road  from  Mesilla 
to  Old  Fort  Cummings,  as  well  as  the  vicinity  of  Cook's  Peak,  Hot  Springs,  and  Apache 
Tejo  to  Fort  Bayard.  About  twenty-five  judiciously  selected  topographical  stations 
tions  had  been  occupied ;  the  courses  of  the  Cnchillo  Negro,  Arroyo  Seco,  Animas, 
Perches, and  other  streams  from  the  eastern  slope  of  the  Mimbres  meandered;  the 
Bio  Grande  gauged  at  Palomas  and  Fort  Selden,  its  course  meandered  as  far  south  as 
Mesilla ;  the  important  roads  of  the  country  meandered ;  the  mines  at  Hillsborough  and 
in  Cook's  rani^e  located  ;  a  base-line  about  5  miles  in  length,  located  at  Apache  Tejo 
to  connect  with  the  astronomical  monument  established  at  Fort  Bayard,  10  miles 
distant,  and  several  of  the  development  stations  occupied  and  monuments  built  on 
all.  As  located  by  Mr.  Nell,  the  base  lay  nearly  in  a  north  and  south  direction,  the 
middle  point  being  about  one- half  mile  west  of  the  camp  at  Apache  Tejo.  It  was 
BO  laid  out  as  to  be  as  nearly  as  possible  exactly  on  the  line  joining  two  development 
stations  (D  and  F),  so  that  with  the  assistance  of  but  two  lateral  points,  the  line  be- 
tween D  and  F,  about  26  miles  in  length,  could  be  determined.  This  line  aflbrded 
at  once  a  base  for  connection  with  Cook's,  Florida,  and  Bear  Peak,  points  embraced 
in  the  main  triangulation.  The  base-line  passes  over  the  slightly  undulating,  grassy 
plain  characteristic  of  the  low  lands,  extending  south  toward  the  Mexican  line. 
Leveling  showed  the  southern  station  (B)  to  be  298.5  feet  lower  than  (A).  When 
laid  out  the  line  was  marked  by  colored  na^,  200  feet  apart ;  two  measurement's  were 
made  with  compensated  steel  tape^  at  an  interval  of  two  weeks,  and  entirely  inde- 
pendent of  each  other,  the  extremities  of  the  tape-line  being  placed  on  movable  boards; 
the  first  gave  27,265.968  feet,  and  the  second  27,265.920  &et.  The  ends  of  the  base 
were  marked  by  upright  poles,  3  to  4  inches  in  diameter,  about  12  feet  high.  Dur- 
ing the  months  of  October  and  November  the  country  around  Fort  Bayard  was 
menaced  by  Indians,  and  several  murders  occurred  which  were  attributed  to  them, 
and  numerous  instances  of  horse-stealing.  The  vicinity  of  the  Florida  Mountains 
having,  on  previous  occasions,  been  made  a  rendezvous  by  the  Indians,  was  con- 
sidered dangerous  for  small  parties  to  enter.  Having  information  from  Captain  Beyer, 
the  commanding  officer  at  Fort  Bayard,  that  a  scouting  party  would  be  sent  to  the 
Florida  and  the  Hatchet  Mountains,  I  determined  to  accompany  the  command,  as  far 
as  possible,  on  this  trip.  Atlas  sheet  90  A,  a  portion  of  which  is  cut  off  on  the  south 
by  Old  Mexico,  was  surveyed  from  the  eastern  slope  of  the  Florida  to  its  western  line, 
and  in  addition  the  northern  portion  of  the  Hatchet  Range,  the  eastern  slope  of  the 
Las  Animas  range,  and  a  strip  of  country  in  the  eastern  part  of  89  B.  The  party  left 
Apache  Tejo  for  this  trip  on  the  5th  of  November,  joined  Captain  Beyer's  command 
that  same  evening  at  Hot  Springs,  and  remained  with  it  until  the  15th,  when  we  had 
reached  the  Hatchet  Mountains.  The  route  of  the  party  was  from  Apache  Tejo  to 
Fort  Cummings,  over  the  stage- road.  Two  days'  detention  was  caused  at  Fort  Cum- 
mings by  a  heavy  rain-storm.  From  this  place  a  route  was  taken  (with  a  by-road  only 
for  a  few  miles)  across  the  valley  of  the  Mimbres,  (here  dry)  to  the  Black  Rock  Tanks 
at  the  north  end  of  the  Floridas,  failing  to  find  lake- water  as  had  been  anticipated, 
in  the  bed  of  the  Mimbres.  Meanders  were  run  along  the  foot  of  the  slope  on  either 
side  of  the  Floridas,  and  four  points  in  the  range  occupied.    From  Las  Tini^as,  near 
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the  south  eD4  of  the  range,  we  crossed  a  low  flat  valley,  that  has  heen  supposed  by 
many  to  be  the  bed  of  the  Mimbres,  into  the  Tres  Hermanas,  and  thence  crossed  an- 
other valley  west  to  Carrizillo  Spring,  on  the  old  road  south  from  Carrizillo  Sprine 
into  Mexico.  Observations  were  niade  at  the  Mexican  .boundary  monument,  four  ana 
one-eighth  miles  south  of  the  spring,  so  that  our  work  can  be  connected  with  that  of 
the  boundary  survey.  From  Carrizillo  Spring  Mr.  Nell,  with  a  small  party,  returned 
to  Apache  Tejo  over  the  wagon-road,  and.  arriving  several  days  before  the  rest  of 
the  party,  made  the  second  measurement  oi  the  base  with  the  result  given  above. 

From  Carrizillo  Springs  Hatchet  Peak  was  made  the  objective  point  for  the  rest  of 
the  party.  We  proceeded  along  the  main  road,  and  crossed  the  right  angle  of  the  ter- 
ritory of  old  Mexico,  there  made  by  the  boundary  line,  to  the  east  slope  of  the  Hatchet 
Mountains;  thence,  after  occupying  the  peak,  followed  the  road  to  the  Eureka  minlDg 
district,  to  Carrizillo  Spring  and  to  Apache  Tejo. 

November  23d,  the  base  work  being  completed,  Mr.  Nell,  with  a  portion  of  the  party, 
took  route  up  to  the  basin  of  the  Mimbres  to  its  head,  and  afterwards  completed  the 
survey  of  the  branches  of  the  Gila  within  our  area.  The  course  of  the  Gila  was  fol- 
lowed from  the  mouth  of  Agate  Creek  to  about  the  mouth  of  Black  River,  and  thence 
the  trail  to  the  Sapillo.  From  the  Sapillo  to  near  Pinos  Altos  they  had  a  dim  trail 
through  the  Diablo  Mountains,  arriving  at  Fort  Bayard  December  7.  Meantime  Mr. 
Gillette  finished  the  topography  about  Pinos  Alt-os  and  Georgetown  and  intermediate, 
embracing  there  the  southern  slope  of  Diablo  Mountains  to  the  summit,  points  of 
which  were  occupied.  A  portion  of  the  time  I  was  engaged  in  obtaining  statistics  of 
mining  operations  in  the  vicinity.  Mr.  Lyon  started  east  from  Fort  Kayard  November 
25,  Mr.  Gillette  and  Mr.  Schleicher  December  6,  and  on  December  9  Mr.  Nell,  Mr.  Has- 
son,  and  myself,  the  party  having  been  disbanded  December  6  to  6,  in  accordauce  with 
your  instructions.  Much  of  the  miuutio)  of  our  work,  including  the  meteorological 
work,  therontes  traversed,  the  camps  made,triangnlation  and  topographical  stations  oc- 
cupied, with  the  instrumental  work  incident  thereto,  and  the  various  detours  to  points 
of  interest,  are  omitted  from  this  report.  Itis  believed  that  the  field  and  office  records  and 
the  completed  sheets  will  best  elucidate  these  details.  The  survey  of  a  good  portion 
of  64  A,  nearly  the  whole  of  84  C,  and  more  than  half  of  the  part  sheet  90  A  was  care- 
fully made,  in  addition  to  the  special  trip  to  the  Little  Colorado. 

SUMMARY. 

The  party  was  in  the  field  126  days. 

The  main  triangulation  stations  occupied  were  as  follows,  viz  : 

1.  Eagle  Peak,  near  south  end  Tulerosa  Mountains. 

2.  Cook's  Peak,  highest  point  Cook  Range,  near  old  Fort  Cummings. 

3.  Florida  Peak,  highest  point  Florida  Raiige,  near  north  end  range. 

4.  Hatchet  Peak,  highest  point  Hatchet  Range,  near  north  end  range. 

5.  Bear  Peak,  high  point  about  8  miles  north  of  Silver  City. 

The  base  development  stations  were  four  in  number.  Bear  Peak  and  two  of  these 
last-named  stations  were  visible  from  the  astronomical  monument  at  Bayard.  The 
proper  connectioi^  was  thus  made.  In  occupying  the  main  stations  care  was  taken  to 
connect  with  Thompson's  work,  1873,  under  Lieutenant  Hoxie,  Maxson's  work  under 
Lieutenant  Morrison,  1877,  and  current  year  under  Lieutenant  Griffin,  as  also  to  oh- 
serve  points  to  the  westward  with  a  view  to  counection  with  trianj|^ulation  in  Arizona. 

In  addition  to  the  above,  the  principal  topographical  stations  (which  were  also  either 
secondary  or  tertiary  triangulation  stations)  occupied  were  as  follows  : 

No.  3.  Wooded  point,  west  Shaw's  ranch. 

No.  6.  Belle-view  Bluff,  near  Barenda  Creek. 

No.  7.  Peak  near  Cuchillo  Negro,  south  of  caQon. 

No.  8.  Peak  in  forks  Cuchillo  Negro. 

No.  9.  Peak  near  head  Cuchillo  Negro. 

No.  10.  Peak  connecting  divide  near  head  Gila.' 

No.  11.  Peak  near  head  Gila. 

No.  12.  Peak  east  slope  Mimbres,  between  Cuchillo  Negro  and  Palomas  Creek. 

No.  13.  Peak  east  slope  Mimbres,  near  Animas  Creek. 

No.  14.  Animas  Peak,  near  Hillsboro',  north. 

No.  15.  Peak  between  Animas  Peak  and  Hillsboro',  north. 

No.  16.  Peak  east  slope  Mimbres  between  Apache  and  Whitewater  Creeks. 

No.  18.  Peak,  main  ridge  Mimbres  near  head  Whitewater  Creek,  (cone  shaped.) 

No.  19.  Signal-rock,  near  Whitewater  Creek. 

No.  20.  Peak,  near  head  Jara  Losa  Creek. 

No.  21.  Roblado  Peak,  near  Fort  Selden,  (north  point.) 

No.  22.  Picaoho,  opposite  Las  Crnces,  near  Rio  Grande. 

No.  23.  Peak,  Magdalen  a  Range,  near  Mason's  ranch,  south. 

No.  24.  Peak,  Goodsight  Range,  north  of  road  to  Cummings  from  Slocnm. 

No.  25.  Peak,  Cook's  Range,  south  of  Cummings's  road. 
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No.  27.  Peak  near  Maoho  Springs,  west. 

No.  2S,  Hurricane  Blnff,  on  divide  near  road  Macho  Springs  to  Brockman's,  north. 
No.  33.  Blaflf  near  Black  Rock  Tanks^  Florida  Range. 
No.  35.  Peak  near  Las  Tinigas  (south),  Florida  Range. 
No.  36.  Peak  near  Niggerhead  Spring  (north),  Tres  Hermanas  Moan  tains. 
No.  37.  Peak  in  range  of  hills  near  Luera  Spring,  east. 
No.  39.  Peak  highest  point  Horse  Mountains,  north. 
No.  40.  Crater  near  Virgil's  ranch,  Little  Colorado,  Arizona. 
No.  41.  East  Peak,  group  near  Horse  Spring,  south. 
No.  42.  Round  Peak,  cone  divided  between  San  Angustin  plain  and  Qila. 
No.  44.  Rancheria  Peak,  (high),  south  end  Florida  ranges. 
No.  45.  Hill  near  Carrizillo  Spring,  south. 
No.  46.  Cone  in  group  south  from  Cow  Spring,  Carrizillo  road. 
No.  48.  La  Lacha  Peak,  highest  in  Animas  Range,  near  Eureka  mining  district. 
No.  49.  Pinos  Altos  Peak. 

No.  50.  Cone  between  Pinos  Altos  Peak  and  Bear  Peak. 
No.  51.  Black  Peak,  highest  point  Diablo  Mountains. 
No.  52.  Peak  at  Hanover  copper  mine,  north. 
No.  53.  Hendriok's  Peak,  near  Magruder's,  northeast. 
No.  56.  Thanksgiving-day  Peak,  near  head  Miembres. 
No.  57.  Peak  on  continental  divide,  near  head  Agate  Creek. 
No.  58.  Bluff  at  Qila,  opposite  month  Agate  Creek. 
No.  59.  Bluff  at  Gila,  opposite  mouth  Black  River. 
No.  60.  Bluff  near  trail  between  Qila  and  Sapillo,  west. 

Number  60  was  the  last  station  occupied,  and  number  indicates  the  total  of  topograph- 
ical stations,  in  which  is  included  all  of  the  triangulatlon  stations  except  three. 

No.  of  monuments  built <. 32* 

No.  of  bases  measured 1 

No.  of  azimuths  determined 1 

No.  of  three- point  stations. 184 

No.  of  variation  needles  by  observations  on  Polaris 40- 

No.  of  sextant  latitude  stations 34 

No.  of  camps  (main  and  side.) 154 

No.  of  miles  meandered 2, 509 

No.  of  meander  stations 2, 273 

No.  of  miles  traversed  but  not  meandered 990 

No.  of  cistern-barometer  stations 1 186- 

No.  of  aneroid -barometer  stations 1, 221 

No.  of  mining  localities  visited 11 

No.  of  hot  or  mineral  springs  visited 7 

Rio  Orande  River  ganged,  times 2 

DESCRIPTION.,! 

The  north  and  south  tier  of  atlas-shcMBts  84  A,  84  C,  and  90  A^  embraces  the  country 
immediately  west  of  the  Rio  Qrande,  in  Southwestern  New  Mexico,  except  a  small  area 
north  and  west  of  £1  Paso,  from  the  thirty-fourth  degree  of  latitude  (a  little  south  o^ 
Socorro  on  the  Rio  Qrande)  to  the  Mexican  line,  and  extends  west  to  the  meridian  of 
Silver  City. 

The  Rio  Qrande  River,  cutting  into  the  two  northern  sheets,  leaves  a  small  part  of 
each  on  its  eastern  side. 

This  country  mav  well  be  remarked  for  the  diversity  of  its  natural  features,  and, 
except  for  the  sandy  belt  immediately  along  the  Rio  Qrande  and  the  lowest  parts  of 
the  San  Angustin  plain,  for  an  almost  entire  absence  of  barren  soil. 

It«  resources  in  grazing  land  and  fine  timber  are  excellent ;  its  mineral  resources 
varied  and  valuable.  Agriculture,  in  common  with  our  Western  territory  where  irri- 
gation is  required,  is  connned  to  the  immediate  vicinity  of  the  streams.  The  part  that 
can  be  used  for  planting  is  very  limited,  since  where  water  is  plentiful  ground  avail- 
able for  irrigation  is  scarce,  and  in  the  plain  country  flowing  streams  are  lacking. 

The  country  is  naturally  divided  as  follows :  Into  the  San  Angustin  plain ;  the  San 
Mateo  and  Mimbres  Ranges,  and  the  country  west  of  this  latter  and  south  of  the  San 
Au^stin  plain,  comprising  the  niountain  region }  the  Rio  Qrande  slope ;  the  broken 
region  extending  east  from  Cook's  Range  to  the  river  and  embracing  the  Qoodsight 
and  Magdalena  mountains ;  while  south  of  these  and  the  mountain  region  a  genendly 
open  plain  extends  south  to  the  Mexican  line. 

The  San  Angustin  plain,  opening  to  the  northeast,  and  to  which  access  may  be  had 
by  roads  leaNing  the  Kio  Qrande  at  the  mouth  of  the  Puerco,  at  Alamillo,  at  Socorro, 
at  Fort  Craig,  and  by  the  Cafiada  Alamosa,  lies  partly  in  the  northern  portion.  It 
will  be  recalled  that  the  Tulerosa  PiVKs  connects  this  plain  with  the  San  Francisco 
River  to  the  southwest,  and  the  Mangos  Pass  gives  passage  to  the  Little  Colorado. 
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The  greater  part  of  this  plain  is  well  adapted  for  grazing ;  good  water  is  to  be  found 
only  m  the  springs  in  the  foot-hills  that  snrround  it,  and  the  supply,  thoagh  limited, 
is  yet  sufficient  to  support  numbers  of  cattle ;  Monica,  Eucinosa,  and  Horse  Sprinfs, 
and  the  Cienega  at  Patterson's  each  ^ive  a  copious  supply ;  Pueblo  and  Luera,  now 
weak,  can  be  much  improved  by  digging.  Of  the  first,  all  were  occupied  at  our  com- 
ing except  Encinosa,  Pueblo,  and  Lnera.  A  flat  of  low,  marshy  ground,  very  alka- 
line, exists  where  the  waters  of  the  Cienega  reach  the  drainage  line  of  the  vaUey.  I 
found  it  impracticable  to  cross  this  with  animals. 

The  San  Mateo  and  Mimbres  Ranges,  running  generally  parallel  to  the  Rio  Grande, 
leave  an  open  country  some  twenty  miles  across,  sloping  to  the  river  from  their  foot- 
hills. Peaks  of  the  San  Mateo  were  occupied  by  Lieut.  Morrison's  party  in  1H77,  tnd 
that  region,  together  with  the  Rio  Grande  slope  as  far  south  as  to  include  theCuchillo 
Negro,  will  be  found  described  in  his  report  of  that  season's  work. 

The  Rio  Grande  slope  continues  south  from  the  Cuchillo  Negro  until  it  merges  into 
"  the  broken  region  "  south  of  Mule  Spring,  where  is  a  pass  that  separates  the  Mimbm 
and  Cook's  Ranees.  Numerous  streams  have  their  rise  in  the  Mimbres,  and  flow  east- 
wardly  toward  the  river ;  scarcely  any  of  their  waters  reach  it  except  during  the  rainy 
seasons.  The  ground  is  of  sedimentary  formation.  A  charactenstic  of  the  htfger 
streams,  when  clear  of  the  mountains,  is  their  channels,  which  are  deep  cuts,  with 
almost  vertical  sides  a  hundred  or  more  feet  deep  and  several  hundred  yards  across, 
presenting  insuperable  obstructions  to  road  building  athwart  them.  The  most  im- 
portant are  Palomas,  Arroyo  Seco,  Animas,  Perchas,  and  Apaohe.  At  the  monl^  of 
the  Palomas  is  a  Mexican  town  of  the  same  name.  The  recently  established  mining 
town  of  Hillsboro  is  on  the  Perchas,  in  the  foot-hills.  Except  this,  only  a  few  settlers 
are  found  away  from  the  river ;  a  little  mining  camp  is  on  the  Animas,  about  ten  miles 
above  its  mouth,  while  near  the  road  leading  from  Hillsboro  to  Mule  Spring /our  settUn 
are  established. 

The  foot-hills  of  the  Mimbres  are  rocky  and  steep  ;  a  slide  seems  to  have  occurred, 
which  has  left  a  valley  between  the  main  ridge  and  the  foot-hilLs,  through  which 
latter  the  streams  cut  in  narrow  rocky  cations.  Good  grazing  is  to  be  had,  which  has 
iieretofore  been  principally  devoted  to  sheen. 

•  The  vicinity  oi  the  Rio  Grande  presents  little  of  interest ;  the  Caballo  range,  bare 
and  rocky,  forms  a  barrier  along  the  east  side,  so  that  there  is  no  road  crossing  the 
river  between  Fest's  and  the  ford,  10  miles  above  Selden.  On  the  west  side  a  road  follows 
the  bank,  and  much  of  the  freight  for  Fort  Bayard,  Silver  City,  &c.,  passes  this  way, 
crossing  from  the  eaat  side  at  Fest's  ferry,  and  leaving  the  river  at  Cottonwood 
ranch ;  thence  to  Macho  Spring  the  road  passes  through  an  undulating  country,  sandy 
near  the  river.  From  Macho  Spring  the  road  goes  to  Mule  Spring,  where  the  right- 
hand  fork  may  be  taken  to  Georgetown  via  Brockman's  Mill,  or  the  left,  whioh  leads 
via  Hot  Spring  to  Fort  Bayard  or  Silver  City.  This  is  the  shortest  practicable  route  to 
these  points  from  Socorro.  From  a  little  below  the  month  of  the  Animas  a  road  leads 
to  Hillsboro,  and  tbence,  as  before  mentioned,  to  Macho  Spriug,  where  it  Joins  the 
freight  road ;  south  of  this  road  the  vicinity  of  the  river  is  sandy,  few  persons  living  there. 
Where  the  river  was  gauged  at  Palomas,  September  19, 1878,  the  width  is  465  feet,  and 
the  greatest  depth  only  2.1  feet.  At  Fort  Selden  the  width  is  ^G^  feet  and  the  greatest 
depth  (October  3, 1^78)  but  2.2  feet.  It  is  remarkable  for  its  shallowness ;  bnt  more 
than  this  is  the  fact  that  within  a  couple  of  vears  the  river-bed  between  Mesilla  and 
Fort  Bliss  has  been  found  for  a  distance  absolutely  without  running  water.  This  per- 
haps better  than  anything  else  will  indicate  the  sandy  soil  through  which  it  has  to 
struggle,  but  of  course  a  good  portion  of  the  water  of  the  already  shallow  river  is  used 
in  the  irrigation  of  land  about  the  large  towns  of  Mesilla  and  Las  Crnces. 

From  Santa  Barbara  below  Cottonwood  Ranch  a  road  leads  past  Mason's  Ranch  to 
old  Fort  Cummings,  but  the  distance  between  Mason's  and  Cummings  is  without 
water. 

At  Mesilla  is  the  junction  of  the  government  telegraph-lines  from  Santa  F^,  from 
Sotithem  Arizona,  and  from  Texas  via  Fort  Bliss.  Stage  and  mail  rout-es  follow  the 
same  directions.  The  western  route,  which  is  the  southern  mall-route  to  the  Pacific 
coast,  leads  to  Fort  Bayard  atid  Silver  City :  thence  across  Southern  Arizona.  Between 
Mesilla  and  the  Mimbres  River  it  crosses  directly  the  Magdalena,  the  Goodsight,  and 
the  Cook's  Ranges,  which  are  nearly  parallel. 

The  Magdalena  and  Goodsight  are  low,  dry  ridges,  and  the  country  about  them  and 
Intervening  from  the  Rio  Grande  to  Cook's  Range  is  dry  and  nninteresting.  Near 
the  river  it  is  sandy ;  west  the  grass  is  good,  but  there  is  no  timber,  and  water  is 
exceedingly  scarce.  Slocum's  Station,  or  Mason's,  on  the  road  from  Mesilla,  between 
Santa  Barbara  and  old  Fort  Cummings,  affords  the  only  permanent  water.  Macho  and 
Mule  Springs  belong  to  the  drainage  at  the  south  end  of  the  Mimbres  Mountains. 
Cook's  Range,  so  named  from  the  prominent  peak  which  forms  the  central  figure,  is 
but  an  extension  to  the  south  of  the  ridge  of  the  Mimbres.  Old  Fort  Cummings, 
where  there  is  a  splendid  spring,  is  at  the  east  base  of  the  range.  It  has  been  aban- 
doned for  several  years.    Where  the  road  crosses  the  summit  a  mound  of  earth  muks 
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the  borial-place  of  a  party  of  emigrauts,  who  were  sarroaQded  and  killed  by  Indians 
some  years  since.  Mines  have  been  located  on  the  sammit  of  the  rldse  about  2  miles 
to  the  north  of  the  peak.  The  drainage  from  the  range  is  west  ana  south  into  the 
basin  of  the  Mimbres. 

The  mountain  region,  which  will  be  taken  from  the  San  Augustin  plain  south  to 
include  the  Santa  Rita  Hills  and  Lone  Mountain,  is  interesting  and  important. 

The  Gila  and  Mimbres  Rivers  head  in  it.  The  first  receives  its  tributaries  from  the 
Mimbres  Mountains  on  the  east  and  the  MogoUon  on  the  west,  and  flows  southwest- 
wurdly,  cutting  in  a  deep,  narrow  gorge  the  Diablo  Mountains,  which,  a  little  north  of 
Fort  Bayard,  trend  westwardly  athwart  its  course  and  inclose  the  headwaters  of  the 
river  in  a  mountain  basin,  which  is  troughed  by  deep  precipitous  cations  in  as  many 
different  places  as  there  are  flowing  streams.  The  Continental  divide  northward  from 
Bear  Peak,  near  Silver  City,  makes  a  double  curve.  First  bending  to  the  northeast, 
it  separates  the  Gila  from  the  Mimbres  River,  and  with  the  Mimbres  Mountains 
merges  into  a  single  ridge  of  wooded  hills  that  lie  west  of  Ojo  Caliente.  From  a  north- 
ward direction  there  it  changes  to  the  west  and  passes  in  a  great  curve  around  by  the 
south  and  west  of  the  San  Auffustiu  plain.  A  divide  to  the  Mogollon  Mount-ains  in- 
closes the  headwaters  of  the  Gila,  while  at  Tulerosa  Pass  and  at  Mangas  Pass  we  find 
the  main  divide  in  its  course  to  the  north. 

A  grassy,  rolling  country  with  dry  drains  characterizes  the  northern  portion  of  the 
Qila  oasin ;  then  heavily- wooded  country  begins,  with  water-courses  and  deep  cafions . 
Except  a  couple  of  ranches  on  the  Sapillo  there  are  no  settlers  on  the  Gila  or  its  trib- 
utaries above  the  gorge  of  the  Diablo  Mountains.  The  Mimbres  River  heads  about 
latitude  33^  10'  and  flows  nearly  directly  south,  sinking  at  average  water  about  4^ 
miles  below  the  town  of  Mimbres,  on  the  Mesilla  and  Bayard  road.  .  At  the  crossing 
of  this  road  (November  5)  the  river  was  about  12  feet  wide  and  6  inches  deep.  A  num- 
ber of  settlers  are  located  along  the  river  to  McKnight's  Ranch,  about  30  miles  above 
this  road. 

In  the  southern  part  of  these  mountains  is  a  tract  of  country  about  20  miles  square, 
of  which  Fort  Bayard  is  nearly  the  geographical  center,  which  embraces,  besides  Sil- 
ver City,  <}eorgetown,  Piuos  Altos,  Lone  Mountain,  Santa  Rita,  and  Upper  Mimbres,  at 
all  of  which  except  Silver  City  mining  interests  predominate.  Extensive  gold,  silver, 
iron,  and  copper  mines  have  been  opened. 

Of  the  plains  lying  between  this  country  and  the  Mexican  line,  I  desire  to  call  at- 
tention to  the  large  extent  of  fine  grazing  land  now  lying  idle  there,  and  to  express, 
as  I  believe,  the  well-founded  hope  that  advancing  population  will  one  day  bring  to 
the  surface  the  underlying  water,  which  will,  in  connection  with  the  fresh-water  lakes 
to  be  found  in  many  places  after  rain,  aflbrd  means  for  maintaining  there  large  herds 
of  cattle. 

The  generally  level  or  slightly  rolling  country  is  separated  from  the  Rio  Grande  by 
the  PortrlUo  Mountains  (a  low  range  of  hills) ;  and  is  broken  by  the  Florida  and 
Tres  Hermanas  Mount-ains  and  severallow  groups  in  the  western  and  southwestern  part. 

The  drain  of  the  Mimbres  River,  generally  represented  on  maps  as  being  west  or  the 
Floridas  and  between  that  range  and  the  Tres  Hermanas,  passes  instead  by  the  north 
and  east  of  the  Floridas  toward  Pigeon  Lake  in  old  Mexico. 

After  two  days'  heavy  rain,  when,  in  many  places  on  the  level,  the  ground  was  too 
soft  to  travel  over,  we  crossed  the  bed  of  this  river  in  passing  from  Fort  Cummings  to  the 
north  of  the  Floridas,  and  found  it  quite  dry,  and  somewhat  indistinct.  Cistern  ba- 
rometer measurements  showed  this  crossing  to  be  about  50  feet  lower  than  the  lowest 
point  in  the  flat  between  the  l^loridas  and  the  Tres  Hermanas.  From  the  summit  of 
Florida  peak,  too^  it  is  quite  easy  to  trace  the  dark  line  of  mesquite  bushes  that  grow 
most  plentifully  in  the  dry  bed  of  the  river,  and  show  it  passing  to  the  north  of  the 
Floridas.  The  Floridas,  a  short  sharp  ridge  rising  some  2,000  feet  above  the  plain,  form 
a  prominent  land-mark.  There  is  no  timber  on  Uiese  and  very  little  wood ;  water,  too, 
is  found  in  very  limited  quantities. 

The  trail  which  was  made  by  Captain  Beyer's  command  will  undoubtedly  remain 
distinct  for  years.  Following  it  from  old  Fort  Cummings,  the  first  water  will  be  found 
at  the  Black  Rock  Tanks;  next  a  seeping  spring  (dry  during  a  part  of  the  year) ;  then 
about  the  middle  of  the  range  a  spring  about  one-half  mile  west  of  the  direct  trail  is 
to  be  found  flowing  over  white  rocks,  and  where  there  is  at  least  a  little  water  through- 
out the  year.  Again,  in  the  cafion  from  the  southern  to  the  southeastern  high  point  of 
the  range  two  living  springs  are  near  its  head,  and  near  where  it  opens  into  its  first 
valley  running  water  will  be  found,  in  the  bed  rocks,  in  the  wet  season,  and  water  in 
rock  cavities  at  other  times,  though  I  do  not  think  the  supply  would  warrant  perma- 
nent settlement.  These  waters  are  on  the  eastern  slope.  No  permanent  water  is  known 
on  the  west  side. 

These  contiguous  sharp  peaks  to  the  southeast,  though  much  lower  than  the  Floridas, 
readily  mark  the  Tres  Hermanas.  West  of  the  peaks  is  a  group  of  hills  of  limited 
extent,  whose  foot-hills  on  the  south  barely  reach  the  Mexican  line.  As  in  the  Floridasi 
a  few  stunted  trees  only  are  growing.    The  trail  leads  to  the  Niggerhead  Spring,  ia 
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the  midst  of  the  hills,  in  a  cation  draining  to  the  south,  the  only  permanent  water 
known  in  the  group.    In  several  other  places  water  may  be  found  in  holes  after  rain. 

West  of  the  Rio  Grande  our  routes  into  old  Mexico  lead  south  from  the  vicinity  of 
Fort  Bayard.  At  Cow  Spring,  some  50  miles  north  of  the  line,  the  road  converges  from 
from  the  Mesilla  road  at  the  town  of  Mimbres  and  Hot  Springs,  and  from  Fort  Bayard 
and  Silver  City,  where  there  is  a  custom-house  officer.  A  little  south  of  Cow  Spring  the 
road  forks ;  that  to  the  left,  and  which  has  been  long  in  use  and  much  traveled,  passes 
by  Carrizillo  Spring.  After  rain,  water  may  be  found  near  this  road  in  two  places 
between  Cow  Spring  and  Carrizillo.  South  from  the  latter  spring  the  road  soon  passes 
into  old  Blexico. 

The  right-hand  road  has  been  established  within  a  few  years,  and  since  the  opening 
of  the  silver  mines  at  Eureka,  south  of  the  mining  camp,  it  crosses  at  an  acute  aim^le 
the  international  line  where  the  latter  runs  north  and  south,  and  joins  with  the  Carri- 
zillo road  at  £1  ojo  de  los  Mosquitos,  in  old  Mexico. 

The  grade  and  bed  of  both  these  roads  is  good,  and  there  is  little  difference  in  dis- 
tance, wood  and  water  on  both  being  equally  scarce. 

HOT  SPRINGS. 

Adjacent  to  the  Silver  City  and  Mesilla  road,  where  the  mountain  slopes  merge 
into  the  plains,  is  found  the  Hot  Spring  of  Southwestern  New  Mexico.  It  is  21  miles 
from  Fort  Bayard  by  the  military  road.  There  is  also  a  warm  spring  at  Apache  Tejo, 
and  a  third  one  near  the  first  (a  little  west),  and  a  fourth  in  the  hills  east  of  and  nesr 
the  Mimbres  River,  some  10  miles  south  of  Upper  Mimbres.  The  temperature  of  Hot 
Spring  is  very  high.  The  water  rises  in  a  circular  opening  at  the  summit  of  a  smiJl 
knoll,  which  has  been  formed  by  mineral  deposited  from  the  water  when  it  overflowed 
about  the  spring.  The  same  formation  is  now  going  on  in  the  troughs  which  conduct 
the  water  from  the  spring.  A  neat  house  is  kept,  with  bath-rooms.  The  cnrative  prop- 
erties of  the  water  are  said  to  be  great.  The  temperature  of  the  spring  at  Apache 
Tejo  is  89^,  there  is  a  copious  flow  of  water,  and  when  cooled  the  water  is  excellent 
drinking.  The  temperature  of  the  other  two  springs  is  respectively  nearly  IbKP  and 
120°.    Both  are  copious. 

During  the  ensuing  summer  the  Atchison,  Topeka  and  Santa  F^  Railroad  will  be  com- 

gleted  to  Las  Vegas,  New  Mexico.  From  that  place  to  Silver  City  the  distance  by 
'eight  road,  via  Anton  Chico,  Ponta  del  Agua,  to  the  Rio  Grande  at  La  Parida ;  thenoe 
by  Socorro,  Fests  and  Cottonwoods,  and  Macho  and  Hot  Springs,  is  357  miles.  From 
Las  Vegas  via  Anton  Chico,  Tigeras,  Albuquerque,  Socorro,  &o.,  the  distance  is  30 
miles  greater.  To  Georgetown  oy  going  up  the  Mimbres  River  the  distance  is  343 
miles,  or  14  miles  less  than  to  Silver  City.  The  distance  from  Albuquerque  to  George- 
town by  this  route  is  246  miles;  by  the  North  Star  route  (leaving  the  Rio  Grande  at 
Lower  Sabinal)  the  distance  to  Georgetown  is  230  miles,  a  difference  of  16  miles  in  favor 
of  the  latter  route.  This,  however,  is  very  hilly,  and  at  present  impassible  from  wash- 
outs ;  and  without  great  additional  expense  it  can  never  be  made  even  a  passable 
freight  road. 

MINING  INFORMATION. 

The  working  of  the  mines  at  Silver  City,  Pinos  Altos,  Lone  Mountain,  G^rgetown, 
and  Hillsboro  was  examined  as  far  as  practicable,  and  the  results  are  submitted  on 
the  forms  furnished  by  the  office.  Some  general  and  special  information  otherwise  col- 
lected is  given  here.  As  before  staled,  these  towns  (except  Hillsboro)  lie  about  Fort 
Bayard  as  a  center. 

A  general  view  of  this  mining  region  shows  a  central  ridge  of  granite  rock  extend- 
ing from  Pinos  Altos  in  a  southeasterly  direction  through  Fort  Bayard,  and  containing 
gold  in  seams,  the  direction  of  these  being  generally  perpendicular  to  the  outcrop. 

Near  Fort  Bayard  the  gold  is  found  in  slate  in  very  narrow  quartz  seams,  aa  in  the 
Stuart  and  San  Jos^  mines.  At  Pinos  Altos  in  the  granite  rock  the  vein  matter  is 
more  decomposed,  and  the  veins  are  several  feet  thick ;  along  the  west  of  this  is  found 
slate  with  overlying  limestone,  in  which  the  extension  of  the  gold-bearing  veins  shows 
silver  predominating,  as  shown  in  the  Langston  mine  at  Pinos  Altos  and  some  workings 
at  Central  City. 

Proceeding  further  to  the  west  the  slate  comes  to  the  surface  at  Lone  Mountain  and 
Silver  City,  and  silver  is  found  principally  as  chloride,  in  pockets.  At  the  former 
place  the  formation  is  faulty,  the  slate  is  found  nearly  perpendicular,  and  over  it 
limestone  with  silver  in  pockets,  while  a  little  to  the  south  of  this  well-defined  veins 
are  found  in  limestone.  The  76  mine  in  Chloride  District  (Silver  City),  owned  by  Mi. 
Bremen,  affords  a  most  interesting  study. 

The  slate  dips  to  the  east  (inclined  about  75^).  The  deposit  is  found  between  two 
beds  of  slate,  with  pockets  occurring  at  intervals,  and  a  lar^e  amount  of  metal  has 
been  taken  out.  Little  method  has  been  observed  in  the  mining,  but  tunnels  have 
been  run  in  every  direction  between  the  beds,  sometimes  with  go<^  results  and  some* 
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times  withont.  That  this  body  of  ore  is  connected  with  a  deeper  deposit,  and  perhaps 
a  vein,  seems  probable,  and  the  present  effort  of  the  mine-owners  is  to  develop  that  by 
shafts,  and  at  the  same  time  to  prove  or  disprove  the  theory  that  similar  deposits  will 
be  found  between  beds  of  slate  below,  as  has  been  said  to  exist  in  similar  cases. 

Returning  again  to  the  .east  of  the  granite  rock,  the  adjacent  slate  carries  gold ; 
next,  limestone  is  found.  An  outcrop  in  this  has  beien  followed  to  some  extent,  but 
not  sufficiently  to  develop  a  vein.  Cfubio  galena  and  other  forms  of  lead,  with  prob- 
ably some  silver,  was  taken  out.  Next,  to  the  east  of  this,  occur  extensive  deposits  of 
copper  in  carbonate  and  black  oxide,  but  also  extensively  red  oxide  as  near^  pure 
copper,  the  vein-rock  being  apparently  a  soft  feldspathic  rock.  Near  Santa  Rita  an 
abundance  of  iron  ore  occurs  with  the  copper,  and  alone.  The  old  Hanover  copper 
mine  develops  the  belt  at  the  north,  and  the  Santa  Rita  at  the  south. 

To  the  east,  again,  a  ridge  of  limestone  hills  intervene  to  G^rgetown,  where  the 
abrupt  break  to  the  Mimbres  River  uncovers  the  slate  at  the  present  Georgetown  sil- 
ver mines.  The  dip  of  the  slate  is  just  the  reverse  of  the  strata  at  Silver  City.  ThiB 
saperficial  veiw  of  this  section  is  given  to  invite  attention  to  the  apparently  symmet- 
lioal  arrangement  of  the  silver  deposits  on  the  flanks  witfh  reference  to  the  otbier  met- 
als in  the  center. 

A  geological  description  of  this  heterogeneous  and  faulty  distmot  (principally  in  a 
valley  of  erosion  and  almost  surrounded  by  eruptive  rock)  must  be  left  to  the  careful 
Boratiny  of  a  geologist. 

GOLD  MINING. 

Other  than  the  workings  at  Pinos  Altos  and  Hlllsboro,  on  the  Rio  Grande  slope  of 
the  Mimbres  Mountains,  little  is  being  done  at  present.  A  shaft  about  40  feet  deep 
has  been  sunk  at  Central  City,  where  the  surface-rock  is  granite,  on  a  ledge  which 
promised  gold  on  the  surface.  The  present  indications  point  to  silver,  but  the  vein  is 
not  yet  considered  developed.  The  old  San  Jadi  mine  and  the  Stuart  mine,  about  1^ 
milee  east  of  Bayard,  are  not  being  worked  at  present,  the  seams  having  been  foui^d 
too  small  to  pay  well.  The  San  Jos^  has  been  extensively  worked,  and  is  said  to  have 
paid  well  in  places.  At  the  Stuart  mine  an  interesting  experiment  is  being  conducted 
by  Mr.  R.  £.  Humphreys,  who  is  working  the  old  dump  by  what  is  claimed  ba  a  new 
process. 

The  vein  of  this  mine  is  well  exposed  in  the  shaft,  and  varies  from  a  mere  seam  to 
a  thickness  of  three  inches.  The  ore  in  the  dump  has  been  exposed  for  several  years. 
It  is  taken  by  Mr.  Humphreys,  and  worked  in  ordinary  arrastras ;  the  object  of  his  pro- 
oesB  being  to  save  the  fine  gold,  a  well-known  source  of  wastage.  This  is  accomplished, 
as  the  work  goes  at  present,  by  attaching  to  the  revolving  upright  a  double  arm,  from 
which  copper  tubes  about  one-half  inch  in  diameter  and  about  an  inch  apart  extend 
downward  and  dip  into  the  tube ;  the  tubes  being  coated  with  mercury,  and  coming 
in  contact  with  almost  every  particle  of  the  fluid,  the  flue  gold  is  amalgamated,  and 
sinks.  Twenty  to  |25  per  ton  is  claimed  to  be  taken  from  one  dump  that  was  scarcely 
considered  worth  milling. 

Iti  8  perhaps  unfortunate  that  ore  direct  from  the  mine  has  not  been  selected  for  this 
experiment,  as  the  disintegrating  effect  of  the  atmosphere  on  the  dump  has  undoubt- 
edly done  much  to  facilitate  the  separation  of  the  gold  (a  well-known  fact). 

In  November  but  one  ordinary  arrastra  was  in  use.  Important  details  of  the  pro- 
cess have  not  been  arranged,  and  cannot  therefore  be  given. 

SILVBR  MINING. 

The  Eureka  silver^mining  district,  in  which  the  first  location  was  made  in  May, 

1877,  lies  twenty-two  miles  n^orth  of  crossing  of  the  Mexican  line,  near  the  west  road 
leading  south  from  Cow  Spring,  and  is  about  75  miles  from  Silver  City. 

The  district  was  worked  witn  enterprise  for  a  little  more  than  a  year.    In  October, 

1878,  the  only  residents  were  Mexicans — in  all  about  twenty  persons. 

A  small  Mexican  smelter  is  erected  at  the  spring,  three  miles  sooth  of  the  camp. 
Ore  worth  about  $200  per  ton  was  being  taken  from  the  Bonanza  Hill  near  the  sur- 
face, where  the  country  rock  is  limestone. 

About  a  mile  to  the  north  of  this  is  the  King  mine  and  the  Tilden  lode,  parallel 
veins,  and  which  have  been  laid  bare  to  varying  depth  for  several  hundred  feet  along 
the  surface,  and  several  shafts  have  been  sunk.  Selected  ore'(about  two  tons)  taken 
from  the  King  mine  yielded  at  the  rate  of  $286  per  ton. 

The  ores  are  copper,  silver  glance,  and  chloride.  Assays  have  been  made  giving 
several  thousand  dollars  to  the  ton.  Other  specimens  of  glance  are  almost  barren. 
The  rich  ore,  as  is  almost  universal  throughout  this  region,  occurs  in  bunches. 

A  well  has  been  sunk  in  an  arroyo  near  the  mines,  and  several  adobe  houses  have 
been  built;  of  which  but  one,  however,  appeared  to  be  occupied. 

In  Silver  City  the  only  mill  running  was  working  on  tailings,  which  paid  better 
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than  tbe  first  working  of  the  ores — a  fact  well  worthy  of  notice.  A  lead  recently 
opened  by  J.  H.  Miller  &,  Co.,  about  five  miles  northeast  of  Fort  Bayard,  contains  prin- 
cipally lead ;  about  forty  tons  of  ore  have  been  taken  out,  but  not  yet  worked. 

There  is  galena  and  a  very  friable  black,  yellow,  and  brown  ore.  Specimens  of  the 
black  have  been  found  to  fuse  readily  in  the  heat  of  an  ordinary  fire. 

Orr^s  mine,  located  near  the  summit  of  Cooke's  Range,  a  few  miles  to  the  north  of  the 
peak,  contains  also  a  very  large  percentage  of  led<l,  and  has  been  used  as  a  flux  at  the 
mills.    Here  is  also  found  an  extensive  deposit  of  fluor-spar. 

Near  the  head  of  Whitewater  Creek,  on  the  west  slope  of  the  Mogollon  Range,  de- 
posits of  copper  (silver)  glance  have  been  discovered. 

Mr.  McEvers's  Ranch,  some  20  miles  south  of  Hillsboro,is  another  locality  of  silver. 
Work  done  there,  however,  during  the  summer  did  not  give  good  results. 

There  are  probably  5,000  acres  of  cultivable  land  along  tbe  Mimbres  from  Mo  Knights 
Ranch  south,  and  fine  crops  of  potatoes  are  raised,  with  grain.  A  scarcity  of  water  is 
sometimes  felt  in  May  and  June,  which  precede  the  rainy  season,  belonging  to  tbe 
months  of  July,  August,  and  September.  This  land,  together  with  the  valley  of  the 
Upper  Gila  (so  called),  near  old  Fort  West,  cultivated  to  its  full  extent,  will  more  than 
furnish  staples  for  the  adjoining  country.  Grass  is  abundant  and  need  not  be  culti- 
vated ;  hay  can  be  cut  in  any  desired  quantity  from  the  open  plain.  Brookman's  grist- 
mill, on  the  Mimbres,  is  the  only  one  in  this  vicinity.  A  market  for  lumber  would 
utilize  the  fine  timber  so  abundant  in  the  Burro  and  Diablo  Mountains  and  the  mount- 
ain basins  of  the  Gila  and  Mimbres  Rivers. 

The  advance  eastward  of  the  Southern  Pacific  Railroad,  and  the  contemplated  jnoc- 
tion  of  the  Atchison,  Topeka  and  Santa  F^  with  it,  will,  it  is  hoped,  soon  open  this 
country  to  railway  communication,  with  great  increase  of  prosperity. 

COPPER  MINING. 

A  belt  of  country  lying  a  few  miles  to  the  east  of  Fort  Bayard,  and  between  that 
place  and  Georgetown,  is  rich  in  copper.  Iron  is  found  adjacent  to  the  copper  and 
also  with  it. 

The  oldest  mines  are  those  at  Santa  Rita,  at  present  owned  by  Messrs.  Cafiee,  Moffat, 
and  Dudley  &  Gill,  of  Denver,  Colo. 

I  am  indebted  to  Mr.  Wm.  M.  Piersou,  agent,  for  the  following  brief  historical  sketch: 

The  deposits  were  known  to  tbe  Indians  and  surface  worked  by  them.  In  1800  they 
made  them  known  to  Colonel  Corasco,  of  the  garrison  of  Hnnnas,  in  Old  Mexico. 
Colonel  Corasco  sold  the  mines  to  Manuel  Elga,  a  merchant  of  Chihuahua,  for  1338,000,. 
which  amount  was  borrowed  for  the  purpose  from  Don  Palacio  Garia,  a  banker  of  the 
city  of  Mexico.  Elga  contracted  with  the  Mexican  Government  to  take  all  the  pro- 
duction of  the  mines  at  tbe  rate  of  55  cents  per  pound,  and  repaid  the  amount  bor- 
rowed in  three  years.  In  1828  the  Mexican  Government  (then  a  republic)  issued  aa 
order  compelling  all  Castilians  to  leave  the  country.  Elga  rent<ed  the  mines  and  went 
to  Spain.  McKnight  &  Cusier  were  the  rentees  until  1835,  then  Sweet  <&  Lacost,  of 
San  Antonio,  Texas,  until  1802,  when  they  were  expelled  by  Federal  troops.  The  mines 
remained  idle  from  that  time  until  1873,  when  they  were  purchased  by  the  present 
owners  from  the  heirs  of  Manuel  Elga. 

WORKINGS. 

The  ore  was  first  found  in  masses  near  the  surface,  and  was  quarried  rather  than 
mined.  Two  of  these  excavations  remain,  one  about  150  feet  square  and  another  100 
feet  square  and  30  feet  deep.  Afterwards  a  shaft  was  sunk  nearly  between  the  two. 
Up  to  1862  it  had  been  sunk  250  feet,  and  had  two  series  of  driftines,  one  at  125  feet 
and  the  second  at  250  feet.  Each  series  covers  an  area  of  about  500  square  feet,  and 
consists  of  a  system  of  galleries  intersecting  each  other  at  right  angles  and  distant 
apart  from  15  to  20  feet. 

In  1873  work  was  recommenced.  Six  mouths  were  required  to  exhaust  the  water 
from  tbe  mine.  A  fifteen-horse-power  engine  was  used.  This  baa  since  been  replaced 
by  one  of  double  the  capacity,  and  tbe  latter  is  now  at  the  works.  After  exhausting 
the  water  the  shaft  was  sunk  50  feet,  but  without  drifting.  After  working  about  a 
year  the  present  company  ceased  work,  owing  to  the  low  price  of  copper  and  the  diffi- 
culty of  transporting  it  from  Santa  Rita  to  market.  The  mine  has  since  rapidly  filled 
with  water.  The  present  owners  have  also  erected  a  fine  Swansea  furnace  at  a  cost  of 
$10,000.  Tbe  dimensions  of  the  furnace  are  11  by  20  feet,  and  has  a  capacity  to  reduce 
ten  tons  in  twenty-four  hours.  It  has  not  been  used  for  three  years,  but  remains  in 
good  condition. 

A  controversy  prevails  as  to  the  quantity  of  land  belonging  to  the  grant.  Eleven 
leagues  are  claimed. 

The  deposits  of  copper  cover  about  one  square  mile  of  territory,  and  probably  ex- 
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tend  in  a  continaoos  belt  aboat  two  miles  to  the  north  along  the  east  slope  of  the 
Bayard  Basin  to  the  site  of  the  (old)  Hanover  copper  mine. 

Abont  half  a  mile  to  the  north  of  the  Santa  Rita  shaft  are  the  Chino  and  Yosemite 
copper  mines,  claimed  by  the  Santa  Rita  Company,  but  they  are  held  and  have  been 
worked  by  other  parties.  They  were  extensively  worked  by  Messrs.  Magruder  &  Fest, 
bat  work  ceased  in  1876  owing  to  the  depreciation  of  copper. 

The  Hanover  mine  above  mentioned  has  not  been  worked  for  a  number  of  years. 
The  snperintendeUt  was  killed  by  Irdians,  and  the  settlement  abandoned  in  conse- 
quence. 

Near  the  Santa  Rita  shaft  Mr.  Pierson  has  opened  three  new  prospects.  In  the  first 
a  shaft  6  by  10  feet  has  been  sunk  25  feet  on  a  deposit  of  mineral.  Sixty-five  tons 
have  been  taken  out,  which  assays  show  to  contain  about  70  per  cent,  of  copper  and 
30  per  cent,  of  iron.  In  the  second  there  is  developed  a  couple  of  sedimentarv  aeposits 
of  copper,  one  11  feet  wide  by  2  thick,  the  other  9  feet  wide  by  15  inches  thick.  In  the 
third,  surface  croppings  about  30  feet  square  containing  red  oxide  of  copper,  but 
principally  the  carbonate,  malachite,  and  azurite  in  white  porphyry,  so  called. 

Red  oxide,  malachite,  azurite,  and  copper  combined  with  iron  (as  oxide)  constitute 
the  principal  forms  in  which  the  copper  occurs  in  all  these  mines,  though  lar^e  masses 
of  nearly  pure  copper  (native)  have  been  found.  The  native  copper  is  principally  found 
in  continuous  narrow  seams,  in  a  white  rock  that  seems  to  be  nearly  pure  feldspar. 
Beautiful  specimens  of  these  leaves  are  taken  from  the  rock  when  it  is  broken  open. 
The  carbonates  occur  disseminated  through  a  more  friable  but  somewhat  similar 
country  rook.    The  deposits  generally  are  irregular  and  do  not  occur  in  veins. 

Iron  is  found  abundantly  over  an  area  about  one  mile  wide  by  three  in  length,  in- 
tersecting the  copper  ore. 
Very  respectfully, 

Rogers  Birnie,  Jr., 
Lieutenant  of  Ordnanoej  Executive  Officer, 

Capt.  Geo.  M.  Wheeler, 

Corps  of  Engineers,  in  charge. 
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report  op   lieutenant   M.  M.  MACOMB,  FOURTH  ARTILLERY,  IN   CHARGE  OP  PARTY 

no.  2  california  section,  field  seasons  of  1878  and  1879. 

United  States  Engineer  Office, 
Geographical  Surveys  West  of  the  100th  Meridian, 

Washington,  D,  C,  September  20,  1879. 

Sir  :  I  have  the  honor  to  submit  the  following  report  of  the  operations  of  the  parties 
of  the  California  section  under  my  charge  during  the  field  seasons  of  1878-'79. 

EXECUTIVE  REPORT— season  OF  1878. 

Leaving  Washington  July  21, 1  proceeded  direct  to  Carson,  Nov.,  where  I  arrived 
July  28th.  Lieutenant  Symons  had  already  nearly  completed  the  organization  of  my 
party  in  connection  with  that  of  his  own,  and  it  was  ready  for  the  field  August  1, 1878, 
with  the  following  personnel:  Lieutenant  M.  M.  Macomb,  Fourth  Artillery,  executive 
officer  and  field  astronomer;  J.  C.  Spiller,  topographer;  J.  H.  Morgan,  meteorologist; 
J.  B.  Callahan,  odometer  recorder;  Charles  W.  Howell,  chief  packer;  H.  Medhcott 
and  N.  F.  Dow,  assistant  packers ;  Alexis  Bochet,  cook. 

August  2  the  party  was  joined  by  R.  Ray  craft,  man  of  all  work,  who  was  employed 
temporarily,  so  that  the  party  could  be  divided  into  two  effective  sections,  one  for 
main  triangulation  and  topography,  the  other  for  meander  work  and  secondary  tri- 
angnlation,  as  will  be  subsequently  explained.    Total,  including  myself,  nine  men. 

Our  transportation  consisted  of  twelve  pack  and  nine  riding  mules,  with  one  bell- 
mare.    Total,  twenty-  two  animals. 

The  instrumental  outfit  was  the  same  as  that  usually  allowed  a  party  organized  for 
triangulation  and  topography,  and  needs  no  special  mention. 

The  work  assigned  the  party  was  as  follows :  First,  to  carry  the  triangulation  of  the 
previous  season  far  enough  westward  to  connect  with  that  carried  out  from  the  Pana- 
mint  base,  as  well  as  joininsr  with  the  scheme  carried  eastward  as  far  as  Austin,  Nov., 
in  1876,  by  Lieutenant  Hirnie's  party;  then  movinjr  westward,  to  carry  the  scheme  as 
far  down  into  the  foot-bills  of  the  Sierras  as  possible,  so  as  to  close  with  tbe  work  pro- 
posed to  be  carried  out  from  Fresno,  Cal. 
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The  area  to  be  worked  up  topographically  lay  directly  sonth  of  that  done  bj 
party  the  previons  season,  and  included  the  southern  part  of  atlas  56  B,  and  umi 
of  atlas-sheet  56  D  as  possible.    See  Progress  Map  of  1879.  vcem 

The  season  being  already  far  advanced  it  became  a  matter  of  the  utmost  importaim 
to  complete  as  soon  as  possible  the  work  in  the  high  mountains,  so  as  to  ayoid  diMtir 
from  the  autumnal  storms.    Hence  the  following  plan  was  adopted  :  t^~  ^ 

First.  To  move  southward  to  Highland  Peak  (occupied  by  me  in  It^),  fortbep»B^'a  < 
pose  of  selecting  and  sighting  points  to  be  brought  into  our  season VtriaoffQlati<n.    ^r  ms 

Second.  To  separate  into  two  parties;  one,  under  Mr.  Spiller,  to  carry  ttM triaop* 
lation  to  the  south,  as  previously  stated,  forming  a  net  of  triangles  between  UMoii 
of  the  Sierras  and  the  high  peaks  of  the  Wassuck  and  White  Mountains.    Tbeo(hi|SK    1 
under  my  personal  supervision,  to  finish  the  topograph  v  in  the  southern  third  otitSd^i^At 
sheet  56  B,  the  two  parties  to  meet  at  Bridgeport,  Mono  County,  Califomii, 
September  1. 

Third.  Leaving  Bridgeport  during  the  first  part  of  September  to  strike  into  lAM^^^im 
sheet  56  D,  carrying  the  triangulation  entirely  across  it  and  down  into  the  fbof  '^  '  ^ 
of  the  western  slope  of  the  Sierras. 

By  arrangement  with  lieutenant  Randolph,  quartermaster  of  the  survey,  snpplia 
two  months  were  to  meet  us  at  Bridgeport,  for  one  month  at  Mariposa;  aad  for 
at  Sonora,  California,  if  needed.  ^^ 

Accordingly,  August  1,  the  party  left  Carson,  passing  sonth  through  the  C<^_^  . 
Yaliey,  and  camped  August  3  on  Dixie  Creek,  near  Highland  Peak^  The  route wSp  ca 
<8o  chosen  as  to  permit  the  survey  of  roads  and  trails  not  meandered  the  pienrtl^  w  V^ 
season.  m^^ 

Highland  Peak  was  successfully  occupied  on  the  4th,  pid  on  the  next  day  wediviM^ 
our  ^rces  as  follows:  The  side  party  for  triangulation  consisted  of  Mr. SpiUeiii 
eharge;  Mr.  Moi|(an,  meteorologist,  with  Medlioott  and  Raycraft  as  pscken,te 
transportation  being  four  riding  and  four  pack  animals.    As  this  party  would  have^ 
make  long  and  rapia  marches,  only  those  articles  absolutely  necessary  were  takes, <)• 
great  bulk  of  the  baggage  remaining  with  the  main  party.    Each  section  took* 
month's  rations.    It  is  worthy  of  remark  that  the  above  organization  is  all  thatoodi 
be  desired  for  a  quickly-moving  party,  specially  destined  to  to  carry  on  triangulitiKf^ 
over  a  rough  mountain  country  during  a  field  season  of  four  or  five  monthB.  Tbfe 
number  of  men,  four,  is  fully  large  enough  to  do  what  is  required,  and  yeteoidi'i^ 
hardly  be  diminished  for  any  length  of  tune  without  throwing  too  much  uponindi' 
vidua!  members.    The  triaugulator.  having  an  intelligent  assistant,  who  recordi  siA 
takes  the  necessary  barometric  readings,  is  enabled  to  devote  his  whole  time  and  it; 
tention  to  his  sketches  and  observations,  and  can  in  a  given  period  accomplish  tlf>< 
largest  possible  amount  of  good,  accurate  work.    With  two  reliable  men  to  cook, 
pack,  and  look  after  the  animals,  the  triaugulator  and  his  assistant  have  opportuni- 
ties to  leave  the  ordinuy  route  and  study  the  country  bvside  reconnaissances.    Moce- 
over,  one  man  may  be  always  left  in  camp  while  the  other  assists  on  the  peak  in  ctf* 
rying  the  instrument,  building  the  monument,  &c,    A  party  thus  organized  could  voik 
rapidly  and  economically,  without  being  overworked,  and  could  collect  the  best  dftU 
obtainable  with  a  ten-second  transit  and  a  mountain  barometer. 

The  triangulation  party  being  fairly  started,  I  moved  up  Wolf  Creek  and  over  iti 
divide  into  Hermit  Valley  on  the  Mokelumne.    From  Hermit  Valley  the  Big  Tree  md 
was  surveyed  to  Blood's  toll-house,  connecting  here  with  a  meander  run  by  me  tke 
previoQS  season  from  the  Big  Tree  Grove.    After  occupying  a  couple  of  top^graphicftl 
stations,  the  Big  Tree  road  was  followed  to  Big  Meadow  Creek  and  here  we  turned  to 
the  light,  running  a  meander  over  a  stock  road  as  far  as  the  mining  village  of  Wert-. 
Point  near  the  west  edge  of  our  area.    From  this  point  we  traveled  northward  naA 
the  Antelope  and  Pine  Grove  turnpike  was  reacheid,  which  was  surveyed  to  its  joiVH- 
tion  with  the  Amador  road  at  Antelope  Springs.    The  Amador  road  was  now  snireyed) 
up  to  Tragedy  Springs,  connecting  here  with  the  work  of  1877.   Returning  to  Antekjpo^ 
Spring  the  meander  was  continuea  to  Volcano  and  thence  back  to  West  Point.    Goiof '^ 
south  from  this  village  we  passed  through  Railroad  Flat,  and  then  moved  soathetft- 
wardly  over  a  rough  mountain  road  until  the  Big  Tree  road  was  intersected  near  Dns* 
bar's  sawmill,  now  abandoned. 

The  roads  and  trails  in  the  vicinity  of  the  Calaveras  and  South  Groves  of  big  treoi 
were  surveyed,  after  which  the  party  proceeded  to  Sonora,  via  Murphy's,  Douglas  FW^ 
Vallecito  and  Columbia,  all  mining  villages.  From  Sonora  the  Mono  road  was  fol- 
lowed to  Strawberry  Flat  on  the  Stanislaus  and  beyond  as  far  as  Niagara  Creek,  that 
giving  a  complete  survey  of  this  celebrated  route  between  the  western  foot-hills  and 
the  Aurora  and  Bodie  mining  districts.  Owing  to  the  recent  rich  developments  »t 
Bodie  everything  looked  cheerful  and  busy  alon^  the  route,  and  the  through  lineoi 
stages  put  on  during  the  summer  was  doing  a  thriving  business. 

The  time  between  August  20  and  September  2  was  spent  in  finishing  the  topography 
of  the  block  of  country  lying  south  of  the  Sonora  and  Mono  road  and  north  of  tM 
old  "  Relief  "  Trail.    Castle  Rock,  Grizzly  Peak,  and  four  other  pointo  were  occupied  ft« 
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x)pography  and  the  Relief  Trail  meandered  from  Strawberry  to  Leavitt^s  across  the 
nonntains. 

September  2,  found  me  in  Bridgeport, but,  as  the  other  party  was  not  yet  in,  I  occupied 
Por  topography  Buckeye  Peak  and  a  point  to  the  north,  both  prominent  points  in  the 
non tains  west  of  Bridgeport. 

On  my  return  I  found  that  the  other  party  had  arrived  after  a  remarkably  success- 
fal  trip,  a  very  satisfactory  set  of  observations  having  been  obtained. 

After  our  separation  on  August  4,  Mr.  Spiller  proceeded  by  the  most  direct  route  to 
Dory's  Peak,  and  completed  his  work  from  this  station  August  10.  This  peak  is  one  of 
the  points  in  the  scheme  of  triangulation  being  carried  across  the  interior  by  the  Coast 
Survey.  Their  station  was  not  made  on  the  summit,  but  at  a  more  convenient  spot 
to  one  side. 

The  next  point  visited  was  McBride's  Peak,  the  most  prominent  northern  point  of 
the  White  Mountain  range,  and  after  that  White  Mountain  Peak,  the  highest  point 
visited  during  the  season.  A  high  point  of  the  Sierra  Nevada,  near  Mount  Abbott,  was 
Use  selected  and  occupied,  and  finally,  September  2,  the  mission  of  the  side  party  was 
completed  by  the  occupation  of  Mount  Dana,  north  of  the  well-known  Bloody  Cafion 
traiL 

On  meeting  at  Bridgeport  we  decided  that  it  would  be  necessary  to  reoccupy  Sonora 
Peak.  This  was  done  by  Mr.  Spiller  September  10.  Meantime  I  made  a  trip  from 
BWdgeport  down  the  East  Walker  to  Hoye's  store,  on  the  West  Walker,  and  returned 
bj  the  oafion  of  that  stream,  surveying  the  new  road  then  being  built  from  Coleville 
to  the  Mono  road.  September  12  we  left  Bridgeport  and  prepared  to  take  up  the  moun- 
tain work  and  topography  of  Sheet  56  D.  We  ascended  the  valley  of  Virginia  Creek 
atid  oamped  near  its  head,  for  the  purpose  of  occupying  what  is  locally  called  Castle 
Peak,  but  which  we  named  Dunderberg,  after  the  mines  of  that  name  upon  its  north- 
erly slope,  desiring  to  avoid  duplicating  the  name  which  we  had  abready  given  to  the 
castellated  volcanic  mass  north  of  the  Central  Pacific  Railroad  near  Summit  Station. 

Owing  to  bad  weather  we  were  detained  in  the  neighborhood  of  this  peak  until  Sep- 
tember 19  before  we  finally  completed  our  observations.  During  this  time  snow  fell 
nearly  every  day.  Previously  we  had  been  remarkably  fortunate  as  to  weather,  and 
bad  been  able  to  work  continuously,  but  now  it  seemed  as  if  the  elements  had  deter- 
mined to  combine  against  as  and  prevent  our  finishing  our  work.  From  this  time  on 
I  determined  to  make  every  efibrt  to  get  our  main  triangulation  at  least  well  done, 
even  at  the  sacrifice  of  the  topography.  Our  next  important  point  was  Mount  Con- 
ness,  on  which  we  completed  our  observations  September  24.  From  our  camp  at  the 
base  of  Mount  Conness  we  moved  to  the  Tuolumne  Meadows,  en  route  to  Mount  Lyell. 
This  We  sncceeded  in  ascending  after  a  hard  climb,  only  to  find  all  our  trouble  ren- 
dered fruitless  by  the  clouds  and  chilling  mists  which  hung  about  the  summit,  abso- 
lutely precluding  the  taking  of  any  angles.  Not  being  able  to  spare  any  time  waiting 
for  better  weather,  we  returned  to  the  Tuolumne  Meadows  and  completed  our  mean- 
der work  and  made  one  more  topographical  station. 

On  the  29th  it  snowed  nearly  all  day,  but  the  30th  was  clear  enough  for  topograph- 
ical work.  Taking  advantage  of  this  we  made  two  stations  and  moved  camp  to  the 
Cathedral  Meadow  and  the  next  day  occupied  the  highest  one  of  the  Cathedral  Peaks, 
and  another. 

October  2  and  3  were  spent  upon  Cloud  Rest  and  a  couple  of  minor  points,  and  Oc- 
tober 25  we  entered  the  loseniite  Valley.  Mr.  Spiller  at  once  took  up  the  survey  of 
the  existing  roads  and  trails,  while  I  prepared  for  a  trip  to  Mount  Lyell,  the  weather 
now  being  favorable  for  its  occupation.  After  a  hard  day's  wo^k  interrupted  greatly 
by  heavy  winds,  I  at  last  succeeded  in  getting  the  necessary  angles  and  on  the  follow- 
ing day,  by  a  forced  march  of  35  miles,  returned  to  the  valley.  We  now  prepared  to 
make  a  complete  circuit  of  the  valley  by  the  old  Mono  trail  on  either  side,  but  on  the 
14th,  in  camp  on  the  head  of  Cascade  Crcfek,  were  overtaken  by  a  heavy  snow-storm, 
which  gave  us  14  inches  of  snow  during  the  day  and  night.  This  made  it  impossible  to 
continue  our  trip,  as  every  blade  of  grass  was  covered  so  as  to  prevent  our  finding  feed 
for  our  animals.  We  were  therefore  obliged  to  return  to  the  valley,  but,  as  it  was 
absolutely  neceasary  that  Mounts  Hofi'man,  Clark,  and  Merced  should  be  occupied,  Mr. 
Spiller  and  myself  started  out  with  two  men  and  a  few  pack  animals  and  worked  our 
way  through  the  snow,  which  w^as  melting  rapidly,  and  succeeded  in  completing  our 
task  on  the  26th. 

Tower  Peak  being  now  the  only  high  point  remaining  to  be  occupied,  I  thought  it 
best  to  attempt  it  at  once.  A  conversation  with  an  old  hunter  in  the  Yosemite  led  me 
to  believe  that  the  peak  might  be  reached  by  following  up  some  one  of  the  long  ridges 
running  northeasterly  from  the  Hetch-Hetchy  Valley.  Accordingly  a  main  camp 
was  established  here  and  several  attempts  made  to  find  a  practicable  route.  The  coun- 
try turned  out  more  broken  and  intricate  than  I  expected,  and  the  threatening  nature 
of  the  weather,  combined  with  the  time  of  year,  made  it  unwise  to  attempt  the  topog- 
raphy of  this  desolate  region,  so  that  I  determined  to  withdraw  and  take  up  the  trian- 
gulation in  the  western  part  of  our  area.  On  our  return  from  the  Hetch-Hetchy, 
Wade's  Peak  was  occupied  for  triangulation  and  topography,  the  survey  of  the  Coulter- 
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ville  road  completed  from  Hazel  Green  to  the  Valley,  and  that  of  the  Mariponroid 
finished  as  far  as  Cold  Spring  Station. 

From  Cold  Sprin^^  I  sent  on  to  Mariposa  and  replenished  my  stock  of  ratioDs,  DeriFi  fl^ 
Peak  being  occupied  meantime  for  triangulation.  I  now  moved  to  the  80utb<»ttt  cor* 
ner  of  our  area  where  Chiquito  Peak  was  occupied,  as  well  as  Deadwood,  nearlVesBO 
Flat.  This  peak  lies  just  south  of  the  southern  line  of  our  area,  and  was  oocapied  to 
assist  in  connecting  with  the  work  from  the  Fresno  base.  All  the  meander  work wfaidi  ^^ 
could  be  done  in  the  limited  time  at  our  disposal  was  looked  to,  but  it  was  held  sob- 
servient  to  the  triangulation.  ^  .^ 

The  28th  of  NoYeniber,  Thanksgiving,  was  Fpent  in  Mariposa.  Letters  of  instrV' 
tion  received  here  from  yon  ordered  me  to  disband  in  Sacramento  not  later  than  the  ink 
of  December.  From  this  time  on,  therefore,  the  work  was  hurried  as  much  aspossitii, 
Green  Mountain,  our  most  southerly  point,  being  occupied  December  2,  aodSeholli  W^ 
Mountain  December  6,  the  party  returning  to  Mariposa  on  the  7th.  FromtbUtovi  M;^ 
we  proceeded  north  through  Bear  Valley  to  Coulterville,  and  thence  down  Moectfit  B^ 
Creek  to  Culbertson's  on  the  Big  Oak  Flat  road.  L4. 

Moccasin  Peak,  near  here,  was  visited  on  the  10th,  but  we  were  unable  to  take  1  [| 
complete  set  of  angles,  owing  to  heavy  timber  and  misty  weather.    On  arriving  at  So* 
nora  the  following  day  letters  from  Sacramento  ordered  the  party  in  at  once,  and  ac- 
cordingly the   13tli  found  us  at  Milton  on  the  Stockton  &  Copperopolis  Railroad, 
whence  the  party  was  transported  by  rail  to  Sacramento,  and  there  disbanded oatlM  |^ 
14lh  of  December. 

The  party  was  in  the  field  1^  days  and  made  in  all  1(X)  camps.    The  followio(;list 
shows  numerically  the  principal  observations  made :  (ij 

Number  of  points  occupied  as  primary  triangulation  stations ® 

Number  of  points  occupied  as  secondary  triangulation  stations 1^ 

Number  of  points  occu)>it'd  as  three-point  triangulation  stations 13 

Number  of  meander  stations 2,9ro 

Number  of  miles  meandered ^ 

Number  of  miles  traveled  without  meander \M 

Number  of  cistern-barometer  stations il^ 

Number  of  aneroid-barometer  stations ^ 

Highest  altitude  reached  (approximate) feet-.  U,lW 

Lowest  altitude  reached  (approximate) feet..      I'l 

During  the  first  part  of  the  season  the  weather  was  generally  favorable  and  the 
pai;ty  worked  very  rapidly,  our  travel  from  August  5  to  September  5  being  over  1,006 
miles. 

I  desire  to  express  my  thanks  to  all  the  members  of  the  party  for  faithful  and  cheer- 
ful performance  of  their  respective  duties  during  the  entire  season,  and  would  e8p^ 
daily  commend  Mr.  Medlicott  for  his  skill  and  daring  in  climbing  mountain  peaki 

EXECUTIVE  REPORT— SEASON  OF   1879. 

The  field  season  this  year  was  unusually  short,  it  not  being  possible  to  carry  on  the 
field  work  after  June  30,  owing  to  lack  of  funds.  It  was  possible,  however,' even  in 
the  brief  time  allotted,  to  collect  a  Lirge  number  of  important  data  relating  to  the 
topography  in  atlas-sheet  56  D,  as  well  as  to  complete  the  angular  measuremeDt  of 
the  triangles  having  apices  at  Blue  Mountain  and  Moccasin  Peak,  two  important  pri- 
mary stations  selected  in  1878.  All  the  work  to  be  done  was  subsidiary  to  that  assigned 
my  party  in  1878  and  lay  in  the  same  area. 

Under  your  orders  I  left  Washington  May  5,  with  Mr.  Maicson  as  assistant,  md 
reached  Sacramento  May  12.  All  the  members  of  the  party  joined  here  and  the  orj^m- 
ization  was  completed,  so  that  the  entire  party,  meu,  animals,  and  materiel  could  be 
sent  on  the  14th  to  Oakdale,  terminus  of  the  southern  branch  of  the  Stockton  and  Cop- 
peropolis Railroad,  and  the  most  convenient  point  from  which  to  start  our  season's 
work. 

Arriving  here  late  on  the  evening  of  May  15  wo  were  obliged  to  spend  the  16ihin 
determining  the  "  per  mile"  of  the  odometer,  a<ljn8tiug  instruments,  fitting  apareji«, 
making  up  the  packs,  in  short  taking  all  the  precautions  necessary  to  enable  the  work 
to  be  carried  from  the  start  to  the  tinish  withoat  unnecessary  delays.  The  organiza- 
tion of  the  party  was  as  follows:  Lieutenant  M.  M.  Macomb,  Fourth  Artillery,  eieca- 
tive  ofiicer;  F.  O.  Maxson,  topographer;  Corporal  F.  J.  Hill,  Fourteenth  Infantry, 
odometer  recorder;  B.  P.  French  and  Charles  W.  Howell,  principal  packers;  Henry 
Sayre,  assistant  packer,  and  Delancy  Willson,  cook ;  total,  seven  meu. 

The  transportation  consisted  of  seven  riding  and  nine  pack  animals,  with  one  bell 
mare  and  one  extra  mule ;  total,  eighteen  animals.  We  carried  rations  for  forty-fire 
days. 

Owing  to  the  large  amount  of  work  to  be  done  and  our  limited  time  the  party  vas 
so  organized  as  to  admit  of  being  split  into  two  sections,  the  plan  of  operations  beiof 
as  follows : 

The  party  was  to  work  together  for  about  eight  days  surveying  the  roads  in  tbe 
plaios  and  getting  tbe  lopo\»Tap\i^  oi  X\i^  iQo\\i\\\&  \y^  th^  western  part  of  the  area,  lh« 
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presence  of  snow  making  it  anwise  to  advance  at  once  into  the  high  conntry  to  the 
east. 

Next,  to  divide  our  forces,  Mr.  Maxson  with  three  men  was  to  finish  the  important 
topography  left  nndone  the  previous  season;  while  I,  with  the  remaining  two,  was  to 
complete  the  triangalation  by  the  occupation  of  Moccasin  and  Blue  Peaks,  and,  if  the 
absence  of  snow  permitted,  Tower  Peak  in  the  main  Sierra,  obtaining  at  the  same  time 
all  the  topographical  data  possible. 

Accordingly,  on  the  17th  of  May  the  field  work  was  begun  by  running  a  line  to  Rob- 
erts' Ferry  on  the  Tuolumne,  just  where  it  leaves  the  western  edge  of  our  area.  The 
ensuing  week  was  occupied  in  meandering  the  roads  between  the  Tuolumne  on  the 
north  and  Bear  Creek  on  the  south  and  studying  the  topography  of  the  adjacent  foot- 
hills. Mr.  Maxson  and  myself  generally  ran  independent  lines,  one  taking  the  odome- 
ter, the  other  working  by  time  and  three-point  stations.  The  villages  of  Snelling  and 
La  Grange,  Homitos,  Indian  Gulch,  Chinese  Camp,  and  Jacksonville  were  visited  and 
all  the  important  thoroughfares  surveyed,  leaving  only  those  which  we  could  easily 
complete  on  our  home  trip.  The  25th  of  May  found  us  encamped  at  Marshall's  Flat 
near  Moccasin  Peak.  This  point  Mr.  Maxson  and  I  visited  together  and  from  here  I 
pointed  out  to  him  our  principal  stations  of  the  previous  season,  with  which  he  was  to 
connect  his  work,  and  explained  to  him  as  well  as  I  could  the  character  of  the  country 
he  was  about  to  enter.  That  evening  I  furnished  him  with  a  letter  of  instructions  lay- 
ing down  the  camps  and  marches  for  each  day  up  to  June  19th,  when  we  were  to  meet 
in  Sonora,  where  I  was  to  receive  definite  orders  as  to  time  of  stopping  work.  It  was 
of  course  understood  that  Mr.  Maxson  was  to  use  his  own  good  judgment  in  varying 
the  plan  laid  down  for  him,  whenever  swollen  streams,  deep  snow,  or  other  nnforseen 
contingencies  rendered  it  advisable. 

Accordingly,  May  26th  Mr.  Maxson  and  party  broke  camp  at  Marshall's  Flat  and  I 
saw  no  more  of  them  until  our  rendezvous  at  Sonora. 

The  first  work  done  was  a  survey  by  three- point  stations  of  the  ridge  running  south- 
easterly from  Moccasin  Peak  to  the  Coulter  ville  road,  camp  being  made  at  Haiffh's,  twa 
miles  above  Coulterville.  From  here  the  route  was  by  the  old  Boneyard  road  to  Black's ; 
thence  by  trail  to  Hennessey's  bridge  on  the  Merced;  then  to  Hite's  Cove,  and  the 
southward  to  Fresno  Flat,  which  was  reached  May  'SO,  From  this  village  the  route  was 
overtbe  northern  partofthenewly  constructed  "MaderaandYosemileTurnpike,"  which 
was  carefully  surveyed.  The  next  march  was  to  Chiquito  Meadows,  and  the  Chiquito 
Joaquin  via  the  old  Long  Valley  trail,  which  was  surveyed  to  the  eastern  edge  of  our 
area.  Several  days  were  spent  in  studying  the  topography  in  this  vicii.ity,  the  party 
returning  to  Clark's  on  the  6th  of  June. 

The  well-known  old  trail  from  Clark's  to  the  Yosemite  was  then  surveyed,  and  that 
valley  itself  entered  June  9  by  the  Glacier  Point  trail.  Two  days  were  spent  in  care- 
fally  determining  by  theodolite  the  altitudes  and  relative  locations  of  all  the  prom- 
inent points  about  tne  valley,  and  then,  until  June  15,  the  time  was  occupied  in  gath- 
ering topographical  details  north  of  the  Yosemite. 

The  trail  down  the  Merced  Cailon  to  Hennessey's  was  then  surveyed  and  a  line  run 
over  an  Indian  trail  to  Hazel  Green,  on  the  Big  Oak  Flat  road.  The  survey  of  this 
thoroughfare  to  Culbertson's,  on  Mocca8in  Creek,  was  then  made,  connecting  here 
with  our  previous  line  from  Jacksonville,  on  the  Tuolumne.  From  this  village  a  line 
was  run,  via  Kincaid  Flat,  to  Sonora,  which  wa«  reached  June  19,  thus  completing  the 
plan  of  operations  assigned  Mr.  Max^on's  party  in  May. 

While  this  work  was  m  progress  I  proceeded  with  the  triaugulation  and  topography 
from  Moccasin  Peak,  where  I  was  delayed  two  days  on  account  of  bad  weather  and 
heavy  timber  which  had  to  be  cleared  oft'. 

I  then  started  for  Blue  Mountain,  running  time  meanders  over  roads  not  previously 
surveyed,  and  completed  the  triaugulation  from  this  point  June  4. 

The  high  Sierra  appeared  so  snowy  that  I  knew  it  would  be  impossible  to  reach  the 
summit  of  Tower  Peak  for  perhaps  a  month  to  come,  but  as  there  was  still  consider- 
able topography  in  that  direction  to  be  studied,  I  hoped  to  be  able  to  gather  some  im- 
portant features  before  our  time  was  up.  I  therefore  returned  to  Sonora  and  followed 
the  Mono  road  as  far  as  Bradford's  sawmill,  where  I  turned  off"  to  the  right  and  fol- 
lowed a  stock  trail,  which  brought  us  out  in  Cherry  Valley,  through  which  runs 
Cherry  Creek,  a  large  stream  draining  into  the  Tuolumne  from  the  north. 

I  was  delayed  here  a  couple  of  days  by  rainy  weather,  but  on  the  12th  started  up 
the  ridge  on  the  east  side  of  the  valley,  hoping  to  bo  able  to  reach  some  of  the  minor 
points  southwest  of  Tower  Peak,  if  not  the  peak  itself.  I  was  accompanied  by  Mr. 
Thomas  Richardson,  who  has  a  sheep  range  in  Cherry  Valley  and  vicinity,  and  who  is 
perfectly  familiar  with  the  rugged  country  south  of  the  Relief  trail.  After  we  had 
reached  an  altitude  of  about  8,000  feet  above  sea  level,  the  snow  became  so  deep  as  to 
effectually  bar  our  progress.  Seeing  that  it  would  be  folly  to  attempt  anything  fur- 
ther in  this  direction,!  dntermiiipcl  to  spend  the  few  days  still  at  my  disposal  in 
studying  the  topography  in  the  neighborhood  of  Lake  Eleanor  and  the  Hetch-Hetchy 
Valley.     This  work  occupied  me  until  the  18th  of  June,  when  I  started  for  Sonora, 
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reaching  that  town  the  following  day,  and  there  met  the  other  section  of  the  put; 
nnder  Mr.  Maxson. 

Instmctions  received  here  from  you  informed  me  that  it  would  not  be  neoessaiy  to 
reach  Milton,  our  diobanding  point,  before  the  27th  of  Jnne.  This  gave  as  another 
week  in  our  area,  and  this  time  was  profitably  employed  in  meandering  roads  and 
gathering  topographical  details  to  the  south  and  west  of  Sonora  and  in  making  a  sec- 
ondary trianguTation  station  on  the  southern  and  highest  point  of  the  Beat  Monntain 
Range,  about  six  miles  northeast  of  Copperopolis. 

This  practicallv  completing  our  field-work,  the  party  was  marched  to  Milton  on  tlie 
27th,  and  the  following  day  transported  by  rail  to  Sacramento  and  there  disbanded 
Thus  ended  a  short  but  profitable  field  season,  during  which  time  all  the  membenof^i 
the  party  displayed  the  warmest  interest  in  the  w^rk.  Messrs.  French,  Howell,  Sajrai^ 
and  Willson  more  than  sustained  their  previous  good  reputation  for  steadineaB  ibI 
hard  work,  and  Corporal  Hill,  Fourteenth  Infantry,  was  all  that  conld  be  desired  w\ 
odometer  recorder.  Too  much  praise  cannot  be  accorded  Mr.  Maxson  for  his 
ging  energy  and  practical  knowledge  of  his  work,  which,  continned,  enabled  him  irl 
collect  a  vast  amount  of  map  material  in  the  short  time  allowed  us. 

We  were  in  the  field  forty-two  days,  during  which  time  thirty-two  main  camps  w«fi 
made.    An  inspection  of  the  following  numerical  list  of  principal  observations  tiku 
will  show  that  our  average  daily  travel  was  over  34  miles. 

Number  of  main  and  secondary  triangolation  stations 3 

Number  of  three-point  stations IM 

Nnmber  of  meander  stations 2,3S 

Number  of  variations  determined '. 3& 

Number  of  cistern  barometer  stations 43 

Number  of  aneroid  barometer  stations ^ fflB 

Number  of  miles  meandered 33 

Nnmber  of  miles  traveled  without  meander 589 

Total  miles  traveled 1,4S 

TRIANOULiLTION. 

The  main  points  on  which  our  triangulation  depends,  with  their  altitudes  as  fans 
determined,  are : 

Highland,  10,956  feet,  main  point  of  Silver  Mountains  near  Silver  Monntain  City, 
California. 

Cory's,  11,326  feet,  main  point  of  the  Wassuck  Mountains  west  of  Walker  Lake, 
Nevada. 

McBride,  13,443  feet,  most  northern  peak  of  White  Mountains  east  of  Owen's  Riter, 
California. 

White  Mountain  Peak,  14,200 -|- feet,  highest  peak  of  White  Mountains  eaitof 
Owen's  River,  California. 

Morgan's  Peak, feet,  high  point  of  the  Sierras  near  Monnt  Abbott,  Califoniia. 

Dana, feet,  high  point  north  of  the  Bloody  CaQon  trail. 

Sonora,  11,479  feet,  northeast  of  the  Sonora  Pass,  California,  on  Sonora  and  Moon  toad. 

Conness,  12,518  feet,  prominent  granite  peak  northwest  of  Monnt  Dana. 
.Lyell,  13,191  feet,  culminating  point  of  the  divide  between  the  Merced,  ToolamDAt 
and  San  Joaquin  Basins. 

Hoffman,  10,872  feet,  at  head  of  Yosemite  Creek. 

Clark,  11,295  feet,  most  northerly  peak  of  the  Merced  g^oup. 

Devils',  6,910  feet,  north  of  Cold  Spring  Station,  Mariposa  and  Yosemite  road. 

Chiquito,  8,136  feet,  on  ridge  west  of  Chiquito  Joaquin  Creek. 

Deadwood,  4,451  feet,  timbered  point  near  Fresno  Flat,  California. 

Green,  1,.352  feet. 

Schultz,  2,275  feet,  west  of  Cathey's  Valley. 

Moccasin,  3,003  feet,  prominent  timbered  point  in  ridge  west  of  Moccasin  Creeb 

Blue,  6,076  feet,  timbered  point  on  ridge  between  South  and  Middle  Forks,  Hoke- 
lumne  River. 

All  these  points,  with  the  exception  of  Blue,  were  occupied  during  the  field  seifloo 
of  1878.  Besides  the  above  points,  a  number  of  others  were  occupie<l  as  secondary 
stations,  so  that  all  the  topographical  work  of  the  area  visited  is  based  on  an  exeel- 
lent  scheme  of  triangulation.  From  the  main  and  secondary  stations  an  immensA 
number  of  points  were  located  by  cross-sights.  Sights  were  also  taken  to  prominettt 
points  of  the  Coast  Range,  such  as  Mount  Diablo,  Mount  Hamilton,  &c.,  so  tbattbfir 
positions  can  be  computed.  The  area  included  between  the  exterior  lines  of  our  maio 
triangulation  of  1878  is,  roughly,  7,159  square  miles,  and  the  computations  showed  i 
remarkable  degree  of  accuracy  iu  the  observations. 

This  work,  it  is-to  be  remembered,  was  done  in  addition  to  a  large  amount  of  topog- 
raphy, and  too  much  credit  canuot  be  given  to  Mr.  Spiller  for  his  energy  and  the  inter- 
est manifested  by  him  in  the  work-  Had  it  not  been  for  his  kuowledgeof  the  previoM 
work  done  and  his  excellent  judgment  in  selecting  points  to  be  occupied,  the  work 
Coald  not  have  been  Bacce«Bin\\"y  oom\kVc^»^V\\>Q\\v\Jafe«A.\fttted  time. 
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rea  examined  for  mapping  during  the  seasons  of  1878-^79  inclndes  the  southern 
atlas  sheet  56  B  and  all  of  56  D,  and  is  immediately  south  of  the  work  of  1877. 
noes  that  portion  of  the  main  crest  of  the  Sierra  extending  from  the  Sonora 
Mount  Lyell,  also  the  drainage  hasins  of  the  Stanislaus,  Tuolumne,  Merced^ 
t  of  the  San  Joaquin  Rivers,  as  well  as  part  of  Fresno,  Chowohilla,  Mariposa, 
IT  Creeks.  The  area  presents  an  immense  variety  of  topographical  features^ 
e  rugged  and  intricate  country  adjacent  the  high  Sierra  to  the  liat  and  monoto- 
pause  of  the  great  San  Joaquin  Valley. 

3f  the  most  remarkable  features — unparalleled,  perhaps,  in  their  way — are  the 
rges  known  as  the  Yosemite  and  Hetch-Hetchy  Valleys,  of  which  special  men- 
nade  further  on. 

;reat  timber  belt  of  California  runs  directly  across  the  area  examined,  which 
s  no  less  than  six  groves  of  that  giant  of  American  veget&tion,  the  Sequoia 
.  These  are  the  Calaveras  and  Great  South  or  Stanislaus  Groves,  those  of 
\A  and  Fresno,  besides  two  of  minor  importance  on  the  Big  Oak  Flat  and  Coul- 

roads,  respectively.  As  we  descend  from  the  belt  of  heavy  timber  we  find 
^ricultnral  areas  devoted  to  the  cultivation  of  fruit  and  sodm  grain  in  the  foot- 
id  almost  entirely  to  the  latter  in  the  broad  expanse  of  the  great  valley.  The 
t  taken  up  for  agricultural  purposes  is  used  for  grazing  during  the  fall  and 
»ring,  after  which  great  numbers  of  sheep  and  cattle  fiud  an  agreeable  change 
in  the  meadows  of  the  high  mountain  country, 
oot-hill  section  has  for  years  been  the  scene  of  mining  industry  which  has  de- 

numerous  towns,  the  better  known  being  Sonora,  Coulterville,  and  Mariposa. 
;h  these  places  have  perhaps  seen  their  best  days  there  is  still  in  the  foot-hills  a 
onnt  of  wealth  undeveloped  and  a  number  of  mines  and  mills  in  successful  opera- 
Lmong  these  latter  is  the  Hite^s  Cove  mine,  examined  and  reported  on  by  Mr 


YOSKMITE   VALLEY. 

wonderful  locality  has  already  been  so  minutely  and  accurately  described  in  the 
guide-books  now  published  as  to  render  any  lengthy  account  superfluous.  The 
it  we  have  filled  topographically  is  comprised  in  careful  surveys  of  the  three 
)ads  into  this  valley  and  of  the  three  important  trails  leading  out  of  it,  namely, 
(ie  Point  trail,  the  Glacier  Point  trail,  and  the  Nevada  Falls  trail,  none  of  v^hich 
irer  been  accurately  mapped.  Careful  barometric  determinations  have  been 
3r  the  altitude  of  the  valley,  and  also  a  series  of  observations  were  taken  to 
reliable  altitudes  of  all  the  points  of  interest.  Owing  to  the  fact  that  the  final 
ations  have  not  yet  been  completed  it  is  not  possible  to  give  a  full  list  of 

e  observations  were  taken  with  especial  care  it  is  hoped  that  they  will  finaUy 
11  disputed  points. 

THE  HETCH-HETCHY  VALLEY. 

valley  is  worthy  of  espeoial  remark  as  being  perhaps  the  most  remarkable  fea- 
the  great  Tuolumne  Cafion.  To  those  who  have  time  to  leave  the  nsual  routes 
st-travel  it  would  well  be  worth  a  visit.  It  may  be  reached  either  from  Har- 
Hodgdon's  at  Bronson's  Meadow  on  the  Oak  Flat  and  Yosemite  road  by  very 
ails.  The  route  pursued  by  us  wae  from  Bronson's  Meadows.  The  following 
ves  the  distances  and  altitudes  along  the  trail : 


Station. 


soath  fork  Tnolamne. . . 
leodows  

middle  fork  Taolumne. 
ch 


on. 


Btch-Hetchy  Valley. 


«'        1 

► 

J8 

«B 

Miles. 

ii 

** 

53 

*3 

FmL 

0.00 

4.506 

1.18 

4,163 

S.05 

4,567 

S.0O 

4.158 

aoo 

4,550 

3.86 

4,849  1 

5.21 

• 

3,489 

Remarks. 


Staire  station,  Big  Oak  Flat  road. 

Fora. 

Alao  called  by  Meadows  now. 

Ford. 

Ranch  and  Meadows. 

Small  cattle  ranch. 

At  foot  of  trail,  west  end  of  valley. 


Miles. 


•n's  to  Hetch-Hetchy 16.30 

Oak  Flat  to  Hetch-Hetchy  via  Hodgdon's 44.22 

Barnard's  Hotel,  Yosemite,  to  Hetch-Hetchy 37.65 
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The  trail  from  the  caflou  on  is  rough  and  steep,  but  perfectly  •practicable  for  borsei 
and  pack-animals.  Our  barometric  observations  ffive  3,469  feet  as  the  altitude  of  the 
middle  of  the  valley  above  the  sea,  or  382  feet  below  the  Yosemite.  The  total  leogth 
of  the  valley  is  only  about  3^  miles. 

While  it  cannot  be  compared  with  the  Yosemite  in  size  or  in  grandeur,  it  perhajN 
more  nearly  resembles  that  valley  than  any  other  known  locality,  and  has  at  least 
sufficient  beauty  aud  iodividuality  to  produce  an  ineffaceable  impression  on  the  ob- 
server. 

The  two  most  striking  features  are  the  great  dome  on  the  south  side  of  the  valler, 
rising  some  2,500  feet  above  the  river,  and  the  magnificent  falls  opposite.  These  fall\ 
whicn  pour  over  the  north  wall  of  the  valley  at  about  its  middle  are  in  an  angle  formed 
by  a  great  buttress  just  to  the  west,  which  recalls  the  £1  Capitan  of  the  Yosemite. 
While  this  water-fall  is  similar  in  position  and  effect  to  the  Yosemite  it  has  not  the 
same  sheer  plunge  which  is  the  remarkable  feature  of  that  fall.  But  to  make  up  for 
this  it  has  a  much  larger  drainage  basin  which  contains  some  quite  size-able  lakes 
which  act  as  reservoirs,  so  that  in  volume  and  constancy  at  least  it  is  far  superior.  In 
spring  aud  early  autumn  there  is  a  second  fall  which  is  quite  noticeable,  as  it  ponrB 
over  the  northern  wall  farther  to  the  west.  The  lip  of  this  is  about  1,750  feet  auore 
the  Tuolumne,  that  of  the  main  fall  being  2,000  feet.  The  high  granite  blnffd  east  of 
the  falls  rise  about  3,090  feet  above  the  valley. 

Besides  the  first  trail  described,  two  others  leave  the  valley  north  of  the  river,  one  at 
either  end  of  the  valley ;  that  at  the  west  end  passes  by  a  st«ep  zigzag  route  up  a^aas 
of  debris  coming  down  into  the  cafion  from  a  glacial  moraine  above :  a  ledge  of  rock  on 
this  trail,  about  1,060  feet  above  the  river,  affords  an  excellent  general  view  of  the  valley; 
the  other,  leading  out  at  the  east  end  of  the  valley  to  a  meadow  known  as  **  Hanoh- 
eria^'  and  to  numerous  other  meadows  used  as  sheep  ranges.  The  former  trail  leads 
to  McQill's  meadows,  and  lake  Eleanor,  thence  to  Cherry  Valley  and  on  to  the  Sonora 
and  Mono  road  at  Bradford's  saw-mill.  After  getting  out  of  the  cafion  on  this  route,  by 
following  a  trail  forking  abruptly  to  the  right,  we  reach  in  a  few  miles  a  very  pretty 
sheet  of  water  on  Hetch-Hetchy  Creek,  called  Lake  Vernon  by  the  sheep-owners,  on 
"whose  range  it  is ;  this  is  the  principal  reservoir  of  the  Hetch-Hetchy  Fall. 

After  leaving  the  Lake  Eleanor  trail  we  commence  to  ascend  and  pass  over  a  very 
well-marked  moraine,  its  summit  where  we  cross  being  about  2,760  feet  above  the 
Hetch-Hetchy. 

One  interesting  point  which  we  find  in  the  Hetch-Hetchy,  and  not  in  the  Yosemite, 
is  abundant  evidence  of  glacial  action.  The  glacial  polish  is  very  plain  on  the  granite 
rocks  forming  the  bed  of  the  valley  east  of  the  dome,  while  some  hundreds  of  feet 
above,  the  rocks  show  well-marked  horizontal  grooves.  Fine  examples  of  the  same 
agency  occur  in  the  basin  of  Hetch-Hetchy  Falls  Creek,  and  in  those  of  the  streams 
emptying  into  the  east  end  of  the  valley  from  the  northeast.  This  valley  was  first 
brought  to  public  notice  by  the  California  State  geological  survey,  and  is  described 
and  mapped  by  Professor  Whitney  in  his  **  Yosemite  Guide  Book." 

CHERRY  VALLEY  AND  LAKE  ELEANOR. 

(SCherry  Creek  drains  a  large  area  south  of  the  Relief  trail  and,  in  fact,  is  the  largest 
8  tream  coming  into  the  Tuolumne  from  the  north.    Cherry  Valley  is  a  large  meadow  or 
flat  on  this  creek,  its  general  direction  being  about  north  and  south.    It  is  nearly  three 
miles  in  length  and  varies  from  a  quarter  to  three-quarters  of  a  mile  in  breadth.    It 
contains  a  large  extent  of  fine  grass  and  is  claimed  by  Mr.  Thomas  Richardson,  of 
Oakdale,  and  is  by  him  used  as  a  sheep  range.    When  we  visited  it  in  the  middle  of 
June  we  found  that  even  the  presence  of  large  fiocks  of  sheep  had  failed  to  drive  off 
the  numerous  bands  of  deer,  which  the  snow  still  kept  out  of  the  hrgh  mountains. 
An  alkaline  pond  about  a  third  of  a  mile  from  Richardson's  cabin  was  the  nightly 
resort  of  numbers  of  deer.    This  valley  has  also  for  years  been  the  resort  of  grizzly 
and  cinnamon  bear,  and  several  of  the  latter  were  seen  during  our  short  stay.    Two 
fine  specimens  had  been  killed  shortly  before  our  arrival.    Our  barometric  observations-^ 
give  4,615  feet  as  the  altitude  of  this  valley  above  sea-level.    This  locality  is  easily"^ 
reached  by  turning  off  from  the  Mono  road  just  above  Bradford's  saw-mill,  about  five^ 
miles  beyond  Northrup's.    There  is  a  rough  wagon  road  as  far  as  Hull  Meadows,  now — 
Lord's,  and  from  here  on  a  very  fair  trail  much  used  by  sheep  and  cattle  owners.    By — " 
fording  Cherry  Creek  and  crossing  a  low  gap  in  the  ridge  east  of  it  we  come  to  Lak^^ 
Eleanor,  a  very  pretty  sheet  of  water  about  a  mile  in  length  and  from  half  to  three^ — 
quarters  of  a  mile  broad.    It  is  fed  by  three  streams,  two  coming  in  at  the  north,  an^B- 
one  at  the  south  end.    This  lake  is  claimed  by  parties  residing  in  Columbia  and  Sonora^^^ 
and  was  by  them  stocked  with  trout  in  the  fall  of  1877.    It  now  contains  a  larg^3 
number  of  fine  fish.    By  passing  around  the  south  end  of  the  lake  and  fording  th<^ 
«reek  a  trail  will  be  found  about  half  a  mile  above  the  ford,  which  turns  up  the  ridg<^ 
to  the  right.    This  runs  to  McGilPs  meadows,  and  thence  to  the  Hetch-Hetchy  VaXley, 
as  mentioned  under  that  head.    Our  observations  made  the  lake  4,630  feet  above  the  i 
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THE  RELIEF  TRAIL  FROM  STRAWBERRY  TO  LEAVITT^S. 

kil  is  interesting  as  being  one  of  the  old  emigi^ant  trails  over  the  Sierra  Nevada. 
)ken  of  as  a  possible  route  for  a  wagon-road  when  the  Sonoraand  Mono  road 
Dtedy  bat  was  rejected  as  too  rongh,  a  better  route  having  been  found  alonff 
e  fork  of  the  Stanislaus.  The  accompanying  table  gives  the  distances  and 
along  this  trail. 


Stations. 

Miles    between 
stations. 

Miles     from 
Strawberry. 

Altitude  above 
sea. 

Remarks. 

Fut. 

5.238 

9,157 

7,892 
8.816 
9,617 

9,805 

8,183 
7,309 

Stage  station  Sonora  and  Mono  road. 

9.86 
3.75 

3.09 

3.20 
4.53 
1.70 

2.81 

8.07 
3.08 
1.15 
L47 

9.86 
13.61 

16.70 

19.90 
24  43 
26.13 

28.94 

37.01 
40.09 
4L24 
42.71 

>ver'8  milk  ranch 

Cooper's,  3.06  miles  by  left-hand 
traiL 

On  divide  between  Stanislaus  and 
Tuolumne  drainage. 

Trail  crosses  west  fork.                  * 

Wood,  water,  and  grass. 

Divide  between  Stanislaus  and  Tuo- 
lumne. 

Lake  about  one-hiUf  mile  long. 
Two  small  lakes. 

ead  of  west  fork  Belief 

Ion  east  and  west  f  6rks 

east  fork  Relief  Creek .... 
reen  east  fork  and  Summit 

ween  Summit  Valley  and 

i  Walker  River. 

)..... 

i8 

avitt's  meadow 

Horse  ranch  and  stage  station,  Mono 
road. 

« 

ROUTES  OF  COMMUNICATION,  TABLES  OF  DISTANCES,  ETC. 

in  routes  examined  by  us  in  1878-'79  were  the  Big  Tree  road,  from  Silver 
I  City  to  Murphy's,  the  Sonora  and  Mono  road,  running  from  Sonora  to  Bridffe- 
the  Bodie  mining  district ;  also  the  three  great  wagon-roads  connecting  the 
towns  with  the  Yosemite  Valley,  and  known,  respectively,  as  the  Big  Oak 
Coulterville,  and  the  Mariposa  roads ;  also  that  portion  of  the  new  route  to 
aite  from  Fresno  Flat  to  Clark's  or  Big  Tree  station,  on  the  Mariposa  road, 
stern  portion  of  this  route^  between  Madera,  on  the  Southern  Pacific  Rail- 
Fresno  Flat,  was  not  examined,  as  it  lay  entirely  without  our  area.  Tables 
ces  and  altitudes  on  all  these  important  roads  have  been  compiled  to  accom- 
r  report  of  this  year. 

CONCLUSION. 

;  deal  of  interesting  country  in  and  about  the  Yosemite  and  High  Sierra  is 
ibed,  because  this  has  been  so  well  done  by  Professor  Whitney  and  Mr.  J.  M. 
;8  in  their  respective  guide-books.  Thanks  are  due  to  the  latter  gentleman 
ess  shown  the  party  while  in  the  Yosemite.  I  wish  also  to  tender  my  thanks 
►nway  and  other  proprietors  of  toll  trails  in  that  valley  for  their  courtesy  in 
I  us  the  free  use  of  their  trails  while  we  were  obliged  to  use  them  in  the 
our  work. 
ipectfuUy  submitted. 

M.  M.  Macomb, 
F\r%i  Lieutenant  Fourth  Artillery. 
lEO.  M.  Wheeler,  in  charge. 


Appendix  6. 

)f  lieutenant  h.  h.  ludlow,  third  artillery,  in  charge  of  party  no. 
3,  utah  section,  field  season  of  1878. 

United  States  Engineer  Office, 
Geographical  Surveys  West  of  100th  Meridian. 

Wa%hingt(mj  D,  C,  April  4,  1879. 

have  the  honor  to  report  on  the  operations  of  party  No.  3,  Utah  section, 
le  field  season  of  1878,  as  follows : 

rty  known  as  special  triangulation  and  topographical  party  consisted  of  H. 
w,  second  lieutenant  Thira  Artillery,  executive  officer;   Francis  Klett,  to- 
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yoerapher  and  assistant ;  William  L.  Bailey,  meteorological  observer  and  recorder; 
onn  S.  StevFart,  packer;  and  M.  G.  Brenholtz,  private  Company  E,  Fourteenth  In- 
fantry. 

Your  instructions  were  to  complete  certain  trianeulation  work  near  Austin,  Ner^; 
and  then  to  proceed  to  Fresno^  Cal.,  where  a  base  line  was  to  be  located,  measmed, 
and  developed. 

The  personnel  of  the  party  was  completed  at  Ogden,  Utah,  July  24, 1878.  On  July 
29  the  party  took  train  for  Battle  Mountain,  Nev.;  thence  traveling  by  pack  to  Austin. 

We  reached  Battle  Mountain  about  1  p.  m.,  July  31,  and  made  preparation  for  a 
speedy  departure. 

August  1  found  the  party  under  way,  and  it  reached  Austin  about  5  p.  m.  on  the  5th, 
having  rested  Sunday,  August  4,  at  Vaughan's  Ranch.  A  stay  of  ten  days  in  our  camp 
at  Rucker  Corral,  Austin,  Nov.,  gave  opportunity  for  connecting  the  astronomicu 
monument  with  the  summit  of  Mount  Prometheus  by  measuring  and  developing  a 
short  auxilliary  base,  and  for  occupying,  besides  the  astronomical  monument  and  the 
ends  of  the  base,  three  auxiliary  stations;  also  to  replace  the  base-line  monuments  in 
Reese  River  Valley,  and  to  reoccupy  Mount  Prometheus,  as  directed  by  your  letter  of 
instructions.  It  remained  to  occupy  Geneva,  Bunker  Hill,  Poston,  Birchim^s,  Emigrant, 
and  the  bases  in  Reese  River  Valley.  To  do  this  a  trip  of  fifteen  days  had  been  planned 
and  the  preparations  were  nearly  ready  when  a  serious  accident  delayed  the  )iarty 
about  a  weeK.  The  camp  was  situated  on  the  main  street  of  Austin,  in  the  imnieiliate 
vicinity  of  frame  buildings.  It  was  no  more  exposed  than  the  m^ority  of  the  build- 
ings on  that  street  which  follows  the  bed  of  a  dry  ravine.  It  was  presumably  a  safe 
place  to  camp,  and  would,  no  doubt,  have  been  quite  secure  in  any  ordinary  storm, 
protected  as  it  was  by  a  strong  stockade  fence.  But  it  proved  to  be  just  the  revene 
in  one  of  those  sudden  deluges  of  water  termed  **  cloud  bursts.'' 

About  4  p.  m.,  August  15,  a  dark,  black-looking  cloud  came  up  from  the  southwest 
A  light  sprinkle  soon  increased  to  a  heavy  shower,  accompanied  by  hail.  Soon  the 
water  began  to  run  in  the  middle  of  the  street,  and  gradually  increased  to  a  rushing 
torrent  of  about  2  feet  mid-depth  and  20  feet  breadth.  Presently  the  backwater  be- 
gan to  come  into  the  yard  in  which  the  camp  was;  but  no  danger  of  loss  was  appre- 
hended as  the  storm  seemed  to  have  subsided.  But  suddenly,  and  without  warning, 
a  wave  about  2  feet  higher  than  the  water  below  it,  came  down  the  ravine  with  a 
rush.  It  dashed  a  wood-pile  against  the  fence  corner  and  tore  away  a  portion,  carry- 
ing off  at  the  same  time  nearly  the  whole  outfit  of  the  party.  Five  days  sufficed  to 
make  a  thorough  search  for  missing  articles,  some  of  which  were  found  imbedded  in 
mud  over  two  miles  from  camp,  and  to  get  fairlv  started  repairing  the  recovered 
aparejos,  preparatory  to  moving.  In  the  mean  while  Lieutenant  Randolph  arrived 
from  Ogdeu,  and  brought  a  complete  set  of  meteorological  instruments  to  replace 
those  carried  away.  After  consultation,  it  was  decided  to  send  Mr.  Klett  with  J.  8. 
Stewart,  the  packer,  to  Battle  Mountain,  there  to  refit  the  entire  pack  outfit,  while  I, 
with  the  rest  of  the  party,  should  go  down  the  Toyabe  Range  by  wa^on  to  finish  the 
Nevada  work.  Mr.  Klett  left  Austin  August  21,  with  six  mules,  taking  all  the  dam- 
aged aparejos.  He  reached  Battle  Mountain  after  three  days  forced  marching,  and 
the  work  of  repair  went  on.  The  rest  of  the  party  started  the  same  day  (August  21). 
On  the  22d  a  severe  wind  blew  the  cotton  cloth  off  the  base  monuments  in  the  Reese 
River  Valley.  Fortunately  it  was  promptly  reported,  and  they  were  repaired  the 
next  day. 

The  party  moved  (August  25)  to  Kingston  (camp  2)  for  the  occupation  of  Bunker 
Hill,  wnich  was  accomplished  on  the  26th. 

The  next  camp  was  in  Ophir  Canon  in  the  heart  of  the  deserted  town  of  Toyabe 
City.    One  man  only  lived  there,  and  he  only  two  or  three  days  in  the  week. 

The  ascent  of  a  low  peak  near  the  summit  of  the  pass  (August  2d)  permitted  a  view 
of  Mount  Poston,  about  12  miles  distant.  I  decided  to  cross  to  the  head  of  Reese 
River  and  attempt  Poston  from  that  direction.  Starting  at  1  p.  m.  we  reached  the 
valley  and  the  nearest  ranch  about  dark.  A  side  trip  of  two  days  accomplished  the 
occupation  of  Poston. 

August  31,  camp  was  moved  to  the  mouth  of  Underdown  Cafion  (camp  5),  where 
September  1  and  2  were  lost  from  unfavorable  weather,  the  ascent  of  Birohim's  being 
made  on  the  3d ;  after  which  the  party  returned  to  Austin,  occupying  en  route  Emi- 
grant and  the  ends  of  the  base  with  as  little  delay  as  possible. 

One  day  at  Austin  sufficed  to  replace  lost  mule-shoes  and  to  collect  all  property  left 
there.  Aparejos  had  been  sent  down  by  Mr.  Klett,  and  on  September  9  the  party 
started  for  Battle  Mountain,  which  was  reached  at  8  p.  m.  September  11. 

The  12th  and  13th  witnessed  an  examination  of  the  repaired  outfit.    All  surplus- 
stores  were  boxed  and  shipped  to  Ogden.    Whatever  was  to  go  with  the  party  wa 
likewise  prepared  for  transportation  by  rail,  and  at  7  a.  m.,  September  14,  the  part; 
started  for  California. 

On  reaching  Fresno  six  days  were  there  consumed  in  selecting  a  base  line,  in  makin 
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and  pattiQjjr  up  monuments  at  ends  of  base,  in  gathering  information,  and  in  arranging 
Btorea  for  Bhiphient. 

The  base  monuments  wore  in  shape  triangular  pyramids,  about  30  feet  high,  the  upper 
22  feet  being  covered  with  white  cotton  cloth.  The  sides  of  the  base  were  about  15 
feet,  the  greatest  width  of  cloth  about  11  feet.  A  space  of  4  feet  in  width,  9  feet  from 
the  top,  was  left  bare,  which  rendered  the  monuments  more  easily  recognizable  by  the 
appearance  of  the  dark  line  across  each.  The  posts' were  set  3  feet  in  the  ground.  The 
base  line  was  located  some  5  miles  east  of  Fresno,  because  of  a  very  thick  haze,  which 
obscured  not  only  the  distant' mountains,  but  even  the  nearest  foot-hills,  the  latter 
being  visible  during  my  stay  of  six  days  ouly  one  day. 

Leaving  Fresno  September  27,  the  party  traveled  by  the  ordinary  wagon-road  to 
Genterville,  and  went  into  camp  on  King^s  River,  about  2  miles  from  the  latter  place. 
Fowler  Mountain,  a  foot-hill  about  1,00U  feet  higher  than  the  river  bottom,  was 
occupied,  and  an  attempt  was  made  September  30  on  Squaw  Valley  Mountain,  but  it 
was  found  to  be  heavily  wooded,  and,  after  camping  near  it,  September  29  the  party 
moved  back  to  King's  River,  making  camp  about  10  miles  higher  up  than  before.  Here 
was  occupied  one  of  the  highest  and  sharpest  of  the  near  foot-hills,  called  on  the 
Whitney  map  Tohoetumne,  but  misnamed  Hazleton  on  the  record  I  left  there.  It  is 
at  the  point  where  King's  River  emerges  from  the  foot  hills. 

The  next  camp  was  at  Toll  House,  which  was  reached  by  traveling  along  the  lower 
foot-hills  until  the  Fresno  road  was  found ;  thence  along  it.  There  is  a  planing-mill 
at  this  point,  and  nearly  all  the  lumber  for  Fresno  and  Centerville  comes  through  this 
place.    Burrows  Mountain  was  occupied  in  this  neighborhood. 

The  party  then  moved  to  Behring's  store,  some  seven  miles  nearer  the  high  Sierras, 
in  order  to  procure  an  Indian  guide. 

Bald  Rock  was  occupied  October  10,  and  the  party  moved  toward  Mount  Goddar^, 
following  Mr.  Dusey's  wagon  track  as  far  as  his  cabin  on  Dinkey  Creek,  thence  taking 
the  sheep  trail  as  indicated  by  our  guide. 

The  party  camped  on  the  evening  of  October  12  near  the  base  of  Lookout  Monntaiu, 
xvhich  was  occupied  for  observation  the  next  day.  An  incomplete  sketch  was  made 
and  ^  few  angles  taken,  but  all  points  which  had  been  occupied  were  hidden  by  the 
clouds  below  l>ut  near  us.  This  was  the  highest  point  occupied  in  California  by  the 
party,  the  aneroid  indicating  10,000  feet  above  the  sea. 

•  It  was  planned  to  occupy  a  point  called  Woodchuck  Peak,  October  14,  but  this  was 
rendered  impossible  by  a  snow-storm ;  and  the  party  was  started  back,  traveling  all 
day  in  the  storm,  and  reaching  Mr.  Dusey's  at  dark.  The  greatest  depth  of  snow  on 
even  ground  was  8  inches.  The  rigging  and  aparejos  were  so  soaked  that  the  ropes 
were  unmanageable,  and  a  day  was  taken  to  get  into  traveling  order. 

Burrows,  Hazleton  (Tohoetumne),  and  Fowler  were  occupied  on  the  return  trip,, 
find  in  addition.  Morrow  and  Squaw  Valley  were  taken  among  the  foot-hills,  all  otf 
which  occupied  the  party  until  November  1. 

The  party  being  south  of  King's  River,  traveled  through  Ash  Spring  toward  Moiyit 
SiUiman.  A  point  was  occupied  November  7  and  8  supposed  to  be  the  Bald  Mountain 
on  Whitney's  map,  but  it  does  not  correspond.  Here  the  lateness  and  inclemency  of 
the  season  caused  me  to  stop  work  in  the  mountains.  Returning  to  the  base  fine, 
''Stokee  Mountain,"  afoot-hill  on  the  county  line,  was  occupied  November  11,  atkd  the 
Xmrty  camped  at  North  ^ase  November  13. 

The  stores  at  Fresno  went  to  camp  November  16.    On  the  17th  the  preliminary  meas-  • 
nrement  of  the  base  line  began.    The  line  was  ranged  out  by  stakes,  every  hundred 
feet  accurately  aligned.    It  was  November  22  when  this  had  been  accomplished.    Then 
followed  the  measurement  proper. 

ComparisoDB  were  made  before  going  to  work  and  on  our  return  from  the  line  with 
the  standard  rods  of  the  coast  survey,  which  rods  are  5  feet  long  at  known  tempera- 
tures marked  upon  the  rods.    Two  of  these  had  been  furnished  tne  party. 

A  plat-lorm  about  52  feet  long  and  1  foot  wide  was  erected.  Two  steel  knife-edges 
were  prepared  and  screwed  on  this  platform  at  an  approximate  distance  of  50  feet,  the 
edges  being  at  such  a  height  that  the  exposed  ends  of  the  coast  survey  rods  would 
just  pass  over  them  without  touching.  The  rods  were  applied  along  a  straight  line 
drawn  on  the  platform.  The  end  of  the  first  rod  was  carefully  sighted  even  with  a 
knife-edge.  The  second  rod  was  then  applied  along  the  line,  and  contact  carefully 
made  with  the  one  already  in  position.  The  first  rodwas  carefully  removed  and  placed 
lin  like  manner  beyond  the  second  and  so  on,  until  on  the  fifth  application  of  the  sec- 
ond rod  its  exposed  end  projected  slightly  beyond  the  second  knife-edge.  A  square 
wooden  block  placed  on  the  platform  was  moved  into  contact  wnth  the  projecting  end. 
of  the  rod,  which  was  then  removed  and  the  distance  from  the  knife-edge  to  the  block 
was  measured  by  a  3-inch  steel  ruler  subdivided  into  hundredths  of  an  inch.  The 
sighting  in  of  the  first  rod  and  the  reading  of  the  distance  to  the  block  were  both  per- 
formed oy  the  same  person.  The  temperature  was  then  read  and  recorded,  togef.ier 
with  the  meaeured  difference.    This  operation  was  then  repeated,  Mr.  Klett  excb  ing- 
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ing  places  with  me  and  making  the  adJoAto^ent  and  the  reading  the  second  time, 
was  likewise  recorded,  with  the  temperature.    The  results  were  then  cmnpaicd,) 
differing  more  than  .03  inch,  both  operations  were  repeated: 

Having  thus  obtained  the  data  for  the  accurate  determination  of  the  distsnee 
tween  the  knife-edges,  the  steel  tape  was  stretched.    Mr.  Klett  held  the  rear  enddl 
tape  with  the  notch  at  the  first  kuvfe-edge.    An  assistant  stretched  the  tape  at  tbei 
ward  end  until  the  spring  was  properly  extended,  while  I,  as  soon  as  notified  oil 
adjustment  of  the  rear  end,  superintended  the  stretching  and  meajsnred  the  diffc 
Tms  was  recorded  with  the  temperature  and  the  operation  repeated,  Mr.  RUM 
myself  changing  places.    As  soon  as  his  readins  had  been  reconded  with  its  tern] 
tnre  the  two  were  compared  and  if  they  showed  unreasonable  discrepiuioy,  both 
repeated.    In  these  comparisons  and  in  the  measurement,  no  change  was  made  'ai 
compensating  apparatus,  it  being  set  at  60°  F. 

Before  commencing  the  measurement  two  iron  pins  were  centered  under  the 
inents.    Three  wooden  stools  were  made  about  3  feet  high  with  soft  wood  topa,i 
grain,  4  inches  square.    From  the  center  of  each  a  plumb-bob  hang  for  centering  ti 
on  the  line,  and  on  their  tops  a  pencil  line  was  drawn  to  be  placed  parallel  to  &  i 
to  be  measured.    A  wire  was  stretched  in  lengths  of  600  feet  along  the  stakes  sIbb 
in  line  under  the  immediate  supervision  of  Mr.  Klett  and  myself.    The  first  stool 
carefully  centered  over  the  starting  pin  and  an  ordinary  pin  driven  in  its  top 
over  the  iron  pin.    The  tape  was  roughly  stretched  to  give  the  approximate  d 
the  second  stool  was  placed  accurately  over  the  wire  by  means  of  its  plumb'bob; 
the  line  on  its  top  brought  as  nearly  as  practicable  in  the  same  vertical  plane  wUkt 
wire.    The  tape  was  then  carefully  stretched.    Mr.  Klett  adjusted  the  rear  end  tli 
notch ;  Mr.  Bailey  carried  the  forward  end ;  and  when  properly  stretched,  I  dnmi 
ordinary  pin  in  the  forward  notch  along  the  pencil  line  on  the  stool.    The  tape 
then  brought  forward,  the  third  stool  placed  in  position,  and  the  measaremeBt  o»1 
tinned  by  hringing  up  the  first  stool.    1  placed  all  the  stools  and  drove  all  the  pirn 
the  direct  measurement. 

On  the  reverse  measurement  Mr.  Klett  and  I  exchanged  duties.  I  took  his  pUoetbi 
first  day,  after  which  the  adjustment  of  the  rear  end  was  intrusted  to  Mr.  Bailej,wkile 
I  held  myself  in  readiness  to  occupy  north  base,  which  was  accomplished  DeoembtrSk 
The  base  was  leveled  December  7  and  8,  the  distance  between  rod  stations  being Tiiied 
according  to  the  nature  of  the  ground. 

South  nase  was  partially  occupied  December  B,  and  completed  December  8,  wkiie 
Messrs.  Klett  and  Bailey  were  at  work  with  the  level. 

The  astronomical  monument  was  occupied  December  9,  after  the  moles  had^eea 
shipped  to  Sacramento,  Cal.,  in  charge  of  Stewart  and  Brenholtz. 

I  left  Fresno  December  9  by  the  night  train  and  arrived  in  Sacramento  DeoMilier 
10,  according  to  instructions,  and  the  labors  of  the  party  ended. 

The  following  are  some  of  the  results  of  the  season's  labors : 

Main  bases  measured I 

Auxiliarv  bases  measured I 

Triangplation  stations  occupied 18 

Siffhts  taken !,» 

Miles  marched -ffli 

Camps  made l.J 41 

Cistern-barometer  stations C 

In  conclusion,  let  me  thank  the  members  of  the  party  for  their  hearty  co-opentioft. 
Mr.  Klett  was  invaluable  for  his  many  excellent  suggestions,  especially  with  refereaM 
to  the  measurement  of  the  base.    Mr.  Bailey  was  most  remarkable  for  his  zeal  isiA' 
his  care  in  performing  all  duties  well. 
Respectfully  submitted. 

H.  H.  Ludlow, 
Second  Lieutenant,  Third  ArtHkn- 
Lieut.  George  M.  Wheeler, 

Cot'ps  of  Engineers,  in  charge. 
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report  op  a  special  astronomical  party  at  ogdbn,  utah,  sbason  of  lt?7d,  b^ 

t.  h.  8afford,  ph.  d.,  assistant. 

WiLLIAMSTOWN,  Mass.,  May  7, 1S79. 

Sir  :  I  have  the  honor  to  report  my  doings  at  Ogden  during  the  field  season  of  1^ 
I  lift  Williamstown  on  July  12, 1878,  for  Ogden,  via  Washington.    On  July  13 1  ■«* 
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Miles  Rock,  e8<}.,  at  Philadelphia,  aud  made  arrangements  with  him  for  the  simalta- 
neoiis  observations  to  be  made  by  us  for  the  longitudes  of  stations  in  New  Mexico  and 
Texas.  I  arrived  at  Washington  July  15,  and  there  made  the  necessary  arraugeo^ents 
with  Lieut.  S.  £.  Tillman  regarding  instruments  and  other  appurtenances  of  astro* 
nomical  work. 

On  July  23  I  arrived  at  Ogden  and  took  charge  of  the  observatory,  where  I  found  a 
transit  instrument  and  chronometers.  Observations  were  made  for  time  on  nearly 
«Yery  night  for  three  months,  or  until  October  20.  Signals  were  exchanged  on  the 
following  dates : 

July  25,  26,  27,  with  Professor  Newcomb,  U.  S.  N.,  at  Separation,  Wyo. 

July  27,  28,  29,  with  Professor  Harkness,  U.  S.  N.,  at  Creston,  Wyo. 

August  12, 19,  21,  26,  28,  with  John  H.  Clark,  esq.,  at  Walla  Walla,  Wyo. 

September  5,  17,  20,  21,  22,  with  Mr.  Clark,  at  The  Dalles,  Oreg. 

October  5,  6,  7,  8,  10,  with  Mr.  Clark,  at  Fresno,  Cal. 

September  7,  8,  10,  11,  12,  with  Miles  Rock,  esq.,  at  Fort  Bliss,  Tex. 

September  26,  27,  30,  October  1,  3,  with  Mr.  Rock,  at  Fort  Bayard,  N.  Mex. 

The  telegraphic  lines  employed  were  in  bad  order  in  the  sections  beyond  the  rail- 
ways, so  that  for  Mr.  Rock's  stations  we  were  compelled  to  have  recourse,  in  part,  to 
the  longer  line  via  San  Francisco  rather  than  to  the  shorter  line  via  Denver. 

The  condition  of  things  was  such  that  I  invariably  observed,  when  weather  per- 
mitted, before  the  time  assigned  for  signals,  as  I  never  knew  whether  the  line  would 
be  rejtdy  for  use  or  not  untilthe  telegraph  operator,  Mr.  Henry  0.  Pratt,  came  to  the 
observatory  at  the  stipulated  time.  Mr.  Pratt  was  very  skillful  and  faithful.  I  was 
assisted,  in  copying  and  various  mechanical  arrangements  while  observing,  by  Sergeant 
Knight,  of  the  Fourteenth  Infantry,  and  on  alternate  nights  by  Mr.  H.  S.  Wallace. 

On  two  nights,  October  19  and  20, 1  observed  with  Bir.  Clark  for  personal  equations'. 
I  shoold  also  have  done  this  on  some  of  the  earlier  evenings  of  my  stay  in  Ogden,  in 
Jaly,  but  Mr.  Clark  was  not  of  the  opinion  that  his  observation  then  would  be  normal. 

The  time  observations  on  signal  nights  were  completely  reduced  in  the  form  adopted 
for  this  survey,  and  transferred  in  that  condition  to  Lieut.  B.  H.  Randolph,  A.  A.  Q.  M., 
of  the  survey,  when  I  left  the  6eld.    To  this  gentleman  I  am  indebted  for  many  favors 
daring  the  campaign.    I  left  Ogden  October  21,  aud  reached  home  November  1. 
I  am,  sir,  very  faithfully,  yours, 

T.  H.  Safford. 

Capt.  G.  M.  Wheeler, 

United  States  Engineers, 


Appendix  I. 


Report  of  a  special  astronomical  party  operating  in  California,  orbck>n, 
and  washington  territory,  by  john  h.  clark,  astronomical  assistant* 

Noble,  III.,  April  30, 1879. 

Sir  :  I  have  the  honor  to  submit  herewith  the  following  notes  respecting  the  astro- 
miomical  stations  occupied  by  me  during  the  field  season  of  1878,  together  with  certain 
details  respecting  the  work : 

ASTRONOMICAL  STATION  AT  WALLA^WALLA,   WASHINGTON  TERRITORY,   1878. 

Geographical  position. 

The  pier,  of  cemented  brick,  from  which  the  observations  were  made  for  the  deter- 
mination astronomically  of  this  station,  is  situated  in  block  No.  9,  known  as  Jail 
Square,  57  feet  from  the  center  of  Fifth  street,  and  211  feet  in  a  straight  line  to  a 
street  monument  in  the  center  of  Main  and  Fifth  street.  (See  plat  herewith.)  The  loca- 
tion was  objectionable  on  account  of  du^t,  smoke,  jar,  and  noise,  but  was  unavoidable. 
There  was  no  other  place  where  the  pier  would  probably  be  protected  an  I  at  the  same 
time  afford  the  necessary  telegraphic  fiMillties.  In  erecting  the  pier  tbe  magnetic 
needle  variation  20 p  east  was  used.  The  transit,  however,  showed  it  to  be  largely 
out  of  the  prime  vertical.  The  unreliability  of  the  needle  in  this  instance  is  due 
doubtless  to  the  components  of  the  soil,  which  is  here  constituted  largely  of  bovlders 
charged  with  magnetic  iron. 
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JValla  JValia  and  iU  stnTOvudinga, 

Wallala  is  a  clear,  rapid  creek,  beadins  ia  Blue  MoaQtain,  and  ranning  westward 
to  the  Columbia  River.  In  a  disb-sbaped  valley,  and  some  30  miles  from  tbe  mount- 
ains,  lies  Walla  Walla,  on  botb  sides  ot  tbe  creek.  Its  population  is  some  3,000.  It  is 
a  place  of  lar^e  business  in  all  braucbes  of  trade,  and  is  tbe  objective  point  for  the 
torrent  of  emigration  at  present  beading  for  tbePelouse  country.  By  irrigation,  the 
soil  gives  evidence  of  great  fertility,  producing  not  only  small  grain,  but  tbe  best  of 
all  sorts  of  vegetables,  and  probably  tbe  finest  corn  west  of  tbe  Mississippi  Valley. 
Fruit  is  also  in  abundance,  of  line  quality— not  only  apples,  pears,  and  tbe  like,  but 
also  grapes.  Tbe  city  is  regularly  laid  out,  and  botb  as  to  extent  of  squares  and  or- 
namentation is  not  unlike  tbe  best  settlements  of  Mormoudom.  Tbe  streets  are 
planted  with  Lombardy  poplars,  wbicb  bave  made  a  rapid  growtb,  and  contribate 
mucb  botb  to  tbe  ap|>earance  and  comfort  of  tbe  place.  They  have  been  irrigated 
up  to  tbe  present  time,  but  it  is  believed  that  they  will  eventually  root  deep  euongb 
in  the  loose  soil  to  secure  sufficient  moisture. 

Meteorological  condUious, 

Three  weeks  were  occupied  in  the  determination  in  latitude  and  longitude  of  this 
station,  from  August  8  to  2U.  There  was  much  electrical  phenomena  and  some 'clouds 
to  occasion  delay,  but  there  was  no  rain,  nor  bad  there  been  any  to  bless  this  land  of 
dust  since  the  March  previous.  There  were  observations  August  10,  12, 13, 14, 16, 1*?, 
19,  24,  25 ;  August  15, 17,  20,  21,  22,  and  23  cloudy— a  week  out  of  three,  yet  no  raiJQ. 
The  night  of  August  22,  while  loitering  at  the  observing  tent,  waiting  for  tbe  clouds 
to  disperse,  a  ^^cninook  "  was  felt,  but  of  brief  duration.  The  **  cbinook  "  is  a  hot  wind 
that  conies  from  the  sea,  common  in  winter,  and  is  particularly  remarkable  for  the 
rapidity  of  its  softening  action  upon  the  snow  and  frost-locked  land. 

Tehyra2)hic  comm unication, 

Tbe  connection  was  made  with  tbe  Ogden  Observatory  by  way  of  Boise  City  and 
Winnemucca.  That  i>ortion  of  the  line  between  W^alla  Walla  and  Winnemucca  vra» 
in  charge  of  Professor  Speed — it  having  been  but  recently  put  in  order  for  military 
l>arpo8es.  It  was  a  perpetual  source  of  delay  and  worry.  Men  had  to  be  kept  out  con- 
stantly looking  after  it.  The  poles  were  rotten  and  gave  way  daily  from  one  cause  or 
another,  and  the  wire  was  seldom  or  never  working  twelve  consecutive  bonrs. 

Method  of  observations. 

Observations  were  made  with  eye  and  ear:  Mr.  G.  M.  Dunn  recording  and  giving  othe^ 
efficient  service  in  addition  to  bis  meteorological  observations.  Tbe  chronometer  fo^ 
exchange  of  signals  was  taken  to  the  telegraph  office,  distant  some  three  squares^ 
Sui^cient  preliminary  computations  were  made  to  detect  and  rectify  any  possible  erro^ 
during  the  observations. 

Instruments, 

Z.  M.  ( Wiirdemann,  No.  16).  This  instniment  is  old^  mnch  worn,  and,  if  at  its  bes^ 
would  be  too  small  for  tbe  atmosphere  of  Walla  Walla  in  latitude  work.  Chronometer 
Negus  No.  1511  was  used,  having  a  very  fair  rate,  despite  the  necessarily  rough  osag^ 
it  got  in  tbe  stage  trip  from  Reading  to  Roseburg. 

ASTRONOMICAL  STATION  AT  THE  DALLES,   OREGON,   1878. 

Geographical  position. 

The  point  selected  for  tbe  determination  in  Tbe  Dalles  was  on  the  bluff  of  tbe  la^^™ 

bed,  under  tbe  shadow  of  which  are  tbe  Steam  Navigation  Company's  offices  and  wor 

shops.  The  pier  was  of  cemented  brick  and  in  a  position  not  likely  to  be  disturbers 
unless  it  be  by  some  irrational  wantonness.  From  here  one  can  not  only  overlook  t  Ti 
whole  city,  but  bave  an  unobstructed  view  of  tbe  lofty  and  snow-covered  cone,  Moi^bi^ 
Hood :  and  but  for  a  mountain  ridge  just  across  tbe  Columbia  River,  Mount  Ada>  z^ 
would  also  be  visible.  From  tbe  pier  the  northwest  comer  section  3,  township  1  nor^^ii 
range  13  east,  bears  north  33^  west,  distance  447|  feet ;  and  to  the  south  side  of  M^»/i 
street,  if  it  were  prolonged,  the  distance  is  bl^  feeL  (See  plat  herewith.)  The  meriA.  liiz? 
was  marked  on  the  north  near  tbe  bluff  facing  tbe  Columbia  River  bj*^  an  iron  i>/z2 
driven  into  tbe  ground  and  then  covered  by  a  conical  pile  of  rocks  6  feet  wide  aud  4 
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i  high.  Southward  on  a  large  natural  monnd  (which  was  once  a  part  of  the  mil:- 
7  reservation  of  old  Fort  Dalles)  it  was  indicated  in  the  same  way. 

Dalles  City  and  surroundings, 

be  Dalles,  or  Dalles  City,  in  the  language  of  its  incorporation,  is  situated  at  the  mouth 
kliU  Creek,  a  very  considerable  distance  below  the  main  part  of  the  rapids  of  the 
nmbia  River,  from  which  it  takes  its  name.  It  is  a  strangely  selected  spot  for  a 
',  for  what  is  not  lava  bed  is  for  the  most  part  sand.  Once  there  was  a  level  and 
He  vafley  between  the  city  and  the  foot  of  the  rapids,  but  that  is  now  almost  entirel  v 
ered  with  sand  dunes.  The  wind  that  pours  up  the  cafion^  that  sets  in  at  the  mouth 
fill  Creek,  like  water  through  a  funnel  is  apparently  the  source  of  all  thissand  in  and 
at  the  city.  Despite  the  forbidding  character  of  the  location.  Dalles  City  is  a  pic- 
Mque  go- ahead  town,  having  many  fine  stores  and  pleasant  residences,  with  their 
rming  fruit  gardens. 

Meteorological  conditions. 

',  took  no  less  than  four  weeks  to  put  in  this  station,  from  August  21)  to  September  2.5. 
angements  for  observations  were  ready  the  31st.  September  1,  however,  a  violent 
d  carried  everything  in  the  shape  of  tent  and  other  equipment  to  the  ground,  mak- 
it  necessary  to  put  up  a  substantial  frame  work.  Observations  were  made,  or  it  was 
sible  to  make  them,  September  2,  3,  4,  5,  6,  7,  8,  and  9,  although  there  was  much 
>arra8sment  from  the  wind.  From  September  10  to  19,  inclusive,  the  atmosphere  was 
nil  of  smoke,  driven  from  the  burning  Cascade  Mountains,  that  no  observations 
Id  be  made.  A  few  of  the  very  larjEcst  stars  could  sometimes  be  faintly  seen.  Dur- 
this  time  the  sun  was  stripped  of  its  power  and  stood  in  the  heavens  as  a  great 
9d-red  orb ;  the  moon  had  tne  same  general  appearance  by  night ;  the  wind  blow- 
all  the  while  eastward,  and  sometimes  violently.  From  the  19th  to  the  2oth  it  was 
most  part  favorable,  if  the  wind  be  excepted. 

Telegraphic  communication, 

be  West  em  Union  office  and  that  of  the  Oregon  Steam  Navigation  Company  not 
le  connected  in  Portland,  an  effort  was  made  at  first  to  get  Ogden  by  way  of 
lla  Walla,  Boise  City,  and  Winnemucca.  The  most  patient  perseverance  for  many 
it«  brought  success  but  once  in  this  direction,  September  5.  The  office  in  Port- 
I  having  been  connected,  the  rest  of  the  signal  excnanges  were  made  bv  Portland 
San  Francisco,  that  circuitous  but  expeditious  route. 

Method  of  observation. 

ode  of  observation  same  as  at  Walla  Walla ;  that  is,  eye  and  ear.    The  chronom- 
did  not  have  to  be  taken  so  far ;  but  the  climbing  up  and  down  the  bluff  was  any- 
\g  but  a  safe^r  pleasant  operation. 

Instruments. 

istmments  same  as  at  Walla  Walla.  No.  16  is  an  old  instrument,  has  been  put  to 
;h  service  in  many  places,  but  the  roughest  usage  it  ever  had  it  received  probably 
a  the  wind  and  sand  of  Dalles  City,  Oreg. 

ASTRONOMICAL  STATION  AT  FRESNO,   CAL.,  OCTOBKR,   1878. 

■*  Geographical  position, 

be  location  of  the  observatory  was  on  a  swell  of  ground  some  half  mile  south  of 
n.  Pier  was  of  cemented  brick.  £s  the  other  stations.  There  was  no  lava  bed 
)  as  at  The  Dalles,  or  bowlders  as  at  Walla  Walla,  loaded  with  magnetic  iron  to 
Dt  the  needle,  the  soil  being  composed  almost  entirely  of  sand.  It  is  seldom  or 
er  possible  to  get  such  a  desirable  spot  in  all  respects  for  an  observatory  as  was 
e  presented.  The  view  was  unobstructed  in  all  directions,  bounded  eastward  at  a 
at  distance  by  Mount  Whipple,  Goddard,  and  other  great  mountain  macses  of  the 
xa  Nevadas,  while  westward  lay  the  Coast  Range. 

Fresno  and  its  surroundings,  '         ^ 

resno  is  a  town  that  owes  Its  origin  to  the  Southern  Pacific  Railroad.  It  is  the 
ital  of  the  county  of  that  name,  which  is  often  designated  in  California  as  the 
nty  of  colonies.    The  court-house  is  an  expensive  and  showy  building,  and  stands 
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ont  in  marked  contrast  with  all  other  improvements,  both  pnblic  and  private.  At 
this  season  of  the  year  there  seemed  to  be  no  vegetation  here — nothing  green— except 
that  prodnced  by  irrigation. 

Meteorological  oondiiions. 

Had  the  pier  and  tent  in  readiness  for  observations  by  October  1,  and  it  was  con- 
tinnoDsly  clear  till  the  11th,  when  it  rained,  as  also  on  the  13th  and  14th.  There  waa 
little  or  no  wind,  and  no  dust  to  interfere,  notwithstanding  the  sandy  soil. 

•  Telegraphic  communicuiion, 

Ogden  was  got  by  way  of  San  Francisco,  and,  there  being  no  delay  in  the  use  of  the 
wires,  long  exchanges  with  complete  clock  error  conld  have  been  had  every  night  from 
October  1  to  11  had  the  conditions  of  the  former  place  been  equally  favorable. 

Method  of  ohserraiion  and  instruments. 

Same  as  at  other  stations.  , 

The  elaborate  stone  pillars  sent  to  Fresno  for  marking  the  meridian  were  placed; 
the  one  in  the  meridian  north  of  tbe  pier,  just  north  of  the  railroad  track,  and  on  a  line 
with  the  first  row  of  houses  facing  south ;  the  other  about  the  same  distance  south- 
ward and  near  a  road  leading  to  one  of  the  colonies. 
Very  respectfully,  yours, 

Joiix  H.  Clari. 
Capt.  Geo.  M.  Wheeler,  in  Charge, 
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report  of  a  special  astronomical  party  operating  in  new  mexico  and  texas, 

field  season  of  1878,  by  miles  rock,  assistant. 

United  States  Engineer  Office, 
Geographical  Surveys  West  of  the  100th  Meridian, 

Washingt&nf  D,  C,  May  1, 1879. 

Sir  :  In  compliance  with  your  orders  to  establish  principal  astronomical  stations  at 
Fort  Selden,  N.  Mex.,  and  Fort  Bliss,  Tex.,  I  left  Washington  for  the  field  July  12, 
1878.  At  Philadelphia  I  met  Prof.  T.  H.  Safford  and  arranged  a  programme  for  star 
observations  and  the  exchange  of  telegraphic  time  signals.  Mr.  Fred.  W.  Floyd,  astro- 
nomical assistant  and  meteorologist  of  the  party,  joined  me  at  Harrisburg.  Your  final 
instructions  for  the  work  awaited  me  at  South  Pueblo,  Colo.,  and  your  telegram,  at 
Santa  F^,  N.  Mex.,  authorizing  me  to  delay  the  journey  to  observe  the  solar  eclipse  of 
July  29. 

Lieutenant  Paxton,  Fifteenth  Infantry,  and  acting  commandant  at  Fort  Marc;^, 
loaned  me  two  signal- service  telescopes  of  about  2  inches  aperture  and  30  inches  focal 
length.  Obtaining  some  plain  circular  eye-glasses  from  a  jeweler,.  I  smoked  and  placed 
one  within  the  cap  of  eacn  eye-piece.  The  telescope  supports  were  screwed  into  posts 
planted  10  feet  north  and  south  of  the  astronomical  monument  of  this  survey,  the 
sition  of  which,  as  determined  in  1873,  is  latitude  35^  41'  19".29  norths  and  longitnd 
105^  56'  45^.22  west  from  Greenwich.  I  obtained  a  correction  for  my  mean-time 
nometer  (Negus  No.  288)  by  telegraphic  sisals  from  Denver,  giving  alleged  Washing 
ton  true  time.  The  chronometer  was  8  minutes  8  seconds  fast  of  Washington  m"~ 
time. 

The  following  is  the  result  of  the  eclipse  observations  in  Washington  mean  time: 

Beginning  of  the  eclipse : 

h»  fii»    ^ 

Eock 4  17    ^ 

Paxton 4  17 

End  of  the  eclipse : 

Rock 6    33    43 

Paxton 6    33    4;? 


APPENDIX   0  0.  2247 

Each  observer  iadependently  noted;  near  the  end  of  the  eclipse,  the  time  of  the  phase 
ohat  seemed  equal  to  the  phaae  which  was  first  detected,  marking  on  prepared  diagrams 
.he  appearances  that  were  timed.  In  this  way  a  more  accurate  time  for  first  contact 
graa  secnred. 

The  actually-observed  times  were  as  follows,  in  chronometer  time  (Negus  mean-timo 
chronometer  288): 

By  Rock : 

h.  tn.  8, 

Phase  A,  after  first  contact 4  26  20 

Phase  A,  before  last  contact 6  41  30 

Last  contact 6  41  51 

By  Paxton : 

Phase  A,  after  first  contact 4  26  34 

Phase  B,  before  last  contact,  equal  to  Phase  A  accordiog  to  his  diagram  ..6  41  17 

Phase  C,  before  last  contact 6  41  28 

Phaae  D,  "  gone,"  last  contact 6  41  50 

Mr.  Floyd  had  charge  of  the  chronometer,  and  marked  time.  He  and  observer,  Ser- 
jeant Frost,  of  the  Signal  Service,  read  the  meteorological  instruments  every  quarter 
bour  during  the  eclipse,  and  every  half  hour  during  the  remaining  time  from  noon  to 
r  p.  m.  I  also  observed  a  thermometer  exposed  to  the  sun's  direct  rays  with  its  bulb 
smoked. 

While  at  Santa  F^,  Mr.  Floyd  took  comparative  readings  of  the  survey  barometers 
with  those  of  the  United  States  Signal  Service. 

On  July  30,  we  resumed  our  journey,  and  arrived  at  Fort  Selden  August  2,  and 
staid  two  days  to  select  the  site  and  arrange  for  constructing  the  monument.  How- 
ever, in  conseqnence  of  the  abandonment  of  Selden  as  a  military  post,  you  subse* 
qnently  selected  Fort  Bayard  instead.  Mr.  Floyd  took  barometric  readings  in  the 
hall  of  the  commandant's  house  during  our  stay. 

Auflnist  4  and  5  were  spent  at  Las  Cruces  and  Mesilla  in  efforts  to  secure  materialQ 
md  skilled  workmen  for  building  astronomical  monuments,  but  without  success. 

On  the  morning  of  August  6  w«  arrived  at  £1  Paso  (Franklin),  Tex.  It  is  also  the 
)reaent  Fort  Bliss,  the  troops  being  quartered  in  the  village.  The  two  old  posts  of 
his  name  are  further  down  the  river,  3  and  3^  miles,  respectively,  and  are  in  ruins.  I 
Doated  the  astronomical  monument  25  feet  northwest  from  the  center  of  the  publio 
qnare,  as  shown  by  a  plan  of  the  town,  and  measuring  from  the  buildings  on  the 
oatheast  and  southwest  sides.  There  is  no  other  publio  ground,  and  it  seems  the  only 
»lace  secure  against  disturbance  by  future  improvements ;  but  being  an  open  common 
kod  a  rendezvous  for  cattle  and  teams,  for  its  present  protection  I  built  a  rough  stone 
Tall  2  feet  high  and  10  feet  square  around  it.  The  mason  ^d  brick  I  could  get  only 
rom  £1  Paso,  Mexico,  and  the  brick  had  to  be  specially  baked  by  a  tile-maker.  As 
he  rainv  season  was  at  its  height  and  would  not  permit  observation,  I  waited  until 
.he  brick  pier  was  built  before  mounting  the  transit. 

On  August  15  I  was  ready  to  exchange  signals  with  Professor  Safford,  at  Ogden, 
>ut  failed  to  get  him,  as  the  Western  Union  line  was  down  beyond  Santa  F^.  Each 
lijl^ht  followiog  I  observed  for  time  whenever  clear  enough,  but  failed  to  get  a  circuit 
PTith  Ogden  for  over  three  weeks. 

On  August  19  I  sought  to  get  a  circuit  via  San  Diego  and  San  Francisco,  but  no  trial 
sras  made,  as  others  supposed  it  useless,  the  distance  ueing  about  2,500  miles. 

The  weather  began  to  settle  about  August  24,  and  then  I  observed  for  latitude,  when- 
ever clear  enough,  after  trying  each  evening  to  get  Ogden,  and  on  the  nights  of  August 
24,  25,  27, 29, 30,  and  September  1, 2,  and  4,  observed  164  pairs  of  latitude  stars. 

The  failure  to  get  a  circuit  to  Ogden  via  Santa  F^,  Pueblo,  Denver,  and  Cheyenne 
was  due  to  various  causes  on  different  nights,  but  chiefiy  to  interruptions  of  the  line 
by  storms  in  the  Rio  Grande  Valley  and  on  the  stretch  between  Santa  F^  and  Pueblo, 
which  was  in  very  bad  condition.  Finally,  fearing  failure  altogether  in  getting  tha 
longitude  by  telegraph,  I  proceeded  to  observe  transits  of  the  moon  and  moon-culmi- 
nating stars  on  four  nights  before  full  moon,  and,  in  order  to  make  a  complete  set, 
three  nights  after  the  full,  though  by  that  time  I  had  succeeded  with  the  telegraph. 
These  observations  were  made  on  the  nights  of  September  5, 7, 9, 10, 11, 12.  and  13,  tha 
moon's  limb  and  about  six  stars  on  each  night. 

Ou  September  6  I  again  tried  to  get  a  circnit  via  California,  and  on  the  evening  of 
the  7th  succeeded  in  exchanging  time-signals  with  Ogden,  and  aeaiu  on  the  nights  of 
September  8  and  10.  This  hue  was  then  interrupted,  but  I  finally  obtained  a  circuit 
via  Santa  F6  and  Cheyenne  on  September  11  and  12^  which  completed  the  observations 
at  this  station.  There  were  obtorved  198  stars  for  time,  of  which  127  on  the  five  nights 
when  time-signals  were  exchanged. 

Hourly  readings  of  the  meteorological  instruments  were  taken  for  four  weeks,  and 
only  at  certain  hours  during  the  remaining  two  weeks  of  our  occupancy  of  the  station. 
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The  north  meridian-mark  is  situated  nearly  a  mile  off  on  the  edge  of  a  mentkirt- 
ing  the  base  of  Franklin  Mountains,  and  360  feet  above  the  monument  in  tltitodi. 
The  situation  did  not  allow  a  south  meridian- mark. 

The  post  quartermaster,  Lieut.  D.  J.  Gibbon,  Ninth  Cavalry,  famished  tentB^  tooh, 
and  furniture,  and  hauled  lime,  sand,  brick,  stone,  and  water,  and  extended  all  needed 
assistance. 

On  September  17,  to  carrv  out  your  instructions  in  regard  to  connecting  my  moDo- 
ment  with  the  astronomical  station  of  the  Mexican  Boundary  Survey,  I  called  on  Seftor 
Ramirez,  in  El  Paso,  Mexico,  who  had  been  one  of  the  Mexican  commissioners  to  locite 
the  international  boundary  ;  he  {lointed  out  to  me  the  spot,  as  he  remembered  it,  fm 
there  is  no  mark  of  the  astronomical  station  of  that  survey,  near  the  church,  with  thi 
bell-tower  of  which  I  connected  it  as  near  as  practicable  by  pacing.  Itia  140  feel 
south  and  350  west  from  the  tower. 

On  September  IS  we  started  for  Fort  Bayard,  by  au  Army  escort  wagon,  fnrnislMd 
by  Lieutenant  Gibbon.  I  could  thus  carry  the  instruments  along,  and  have  tbemit 
hand  as  soon  as  wanted  at  Bayard.  We  took  cistern-barometer  readings  at  all  tbe 
night  stopping  places ;  at  Cottonwood  Ranch,  south  of  old  Fort  Fillmore ;  at  Mesilli 
comparative  readings  with  tbe  signal- service  barometer ;  at  Mason's  ranch,  westof  Fort 
Selden  ;  at  the  spring  at  old  Fort  Cummings ;  and  at  Miembrea  Hot  Spring,  it  tkt 
foot  of  the  mouna  of  tbe  spring  in  front  of  the  dwelling. 

We  arrived  at  Fort  Bayard  on  September  23,  and  the  same  day  I  located  the  site  for 
the  monument  on  the  solid  gneiss  rock  on  top  of  a  hill  just  outside  the  qaadrangieof 
the  post,  about  400  feet  from  its  western  comer,  and  34  feet  in  altitude  above  tbe  smfoee 
of  the  parade-ground  at  the  tlagstaff,  and  in  the  evening  staked  out  the  meridifto. 

Next  day,  the  'i4th,  I  took  our  wagon  to  Silver  City,  nine  miles  west  of  Bayard,  for 
lime  and  brick,  and  on  the  25th,  witli  the  help  of  a  Mexican  mason  from  Central  City 
and  a  discharged  cavalryman,  the  observing  pier  was  erected.  The  name  evening  I 
set  up  the  transit  and  was  ready  to  exchange  time  signals ;  but  the  office  of  tbe  mib* 
tary  telegraph  was  closed,  on  account  of  the  absence  of  the  operat-or  on  repair  doty. 

Lieut.  James  Allen,  A.  S.  O.,  and  superintendent  of  the  Sante  Fc  divisioD  of  tl» 
military  telegraphs,  ordered  an  operator  up  from  Silver  City  in  time  for  the  neitefeo- 
ing,  September  26,  when  I  obtained  a  circuit  via  San  Diego  and  San  Francisco,  and 
exchanged  time  signals  with  Professor  Safford  at  Ogden,  Utah ;  also,  on  the  nights  of 
September  27,  :)0,  and  October  I  and  3.  There  were  observed  144  stars  altogether  for  time 
determinations,  and  110  on  the  five  nights  when  signals  were  exchanged.  There  were 
t(5  time  signals  received  from  Ogden,  and  the  same  number  sent  each  night  here,M 
well  as  at  Fort  Bliss. 

For  latitude  there  were  observed  190  pairs  of  stars  on  the  nights  of  October  4, 6, 7, 
8,  and  9. 

The  north  meridian  mark  is  distant  580  yards  on  a  hill  of  the  same  height  aeMonn- 
ment  Hill ;  the  south  mark  ^20  yards  on  a  lower  rise  west  of  Central  City. 

The  meteorological  instruments  were  read  hourly  during  the  whole*  of  our  etiy. 
On  October  8  I  sent  Mr.  Floyd  to  Silver  City  with  one  of  the  cistern  barometers  to  take 
comparative  readings  with  the  signal- service  barometer. 

I  examined  a  ledge  of  white  marble  near  the  Hanover  copper  wines  to  see  if  it 
would  furnish  blocks  for  monument  caps  and  meridian-mark  stones,  and  conclodeda 
contract  on  October  10  to  quarry,  cut,  and  letter  the  stones  for  both  stations  and  place 
those  of  Bayard  into  position. 

Lieut.  D.  K.  Bum  ham.  Fifteenth  Infantry,  post  quartermaster,  hauled  sand  and  "nkr 
and  furninhed  an  observatory  tent,  tools,  and  furniture  and  quarters  for  Mr.  Flojd 
and  myself.  On  October  10  the  instruments  were  prepared  for  shipment  and  tbepal>' 
lie  property  turned  over  to  the  post  quartermaster. 

On  the  11th  we  started  on  our  return  journey  on  the  bi-weekly  buckboard.  AtoW 
Fort  Cummings  the  same  day.  we  fell  in  with  Mr.  NelFs  section  o)  Lieutenant  Biroie^i 
party  of  this  survey  and  compared  barometers. 

At  Mesilla,  on  the  12th,  we  took  comparative  readings  with  the  signal-service  bar- 
ometer, and  again  at  Santa  F<5  on  the  17th. 

On  my  arrival  at  Santa  V6,  October  Iti,  1  received  your  telegraphic  order  to  proceid 
to  Fort  Dodge,  Kans.,  and  arrived  there  on  October  20.  At  the  post,  five  mile*  fw* 
the  town,  your  note  was  received  directing  me  to  select  a  site,  estimate  the  exp»i»*> 
and  obtain  all  needed  information  for  the  subsequent  establishment  of  au  astronoioi- 
oal  station.  All  which  was  done  on  Monday,  the  21st,  the  site  selected  being  the  sooth- 
west  corner  of  the  court-bouse  yard,  which  is  the  only  public  ground  on  a  high  p»rt 
of  the  town  affording  a  horizon.  Tiie  same  night  I  started  for  Washington. 
Very  respectfully,  your  obedient  servant. 

Miles  T?ock,  C  E., 
Cirilian  Jfinhtant^  in  charge  of  tkeparif 

Capt.  George  M.  Wheeler,  im  Charge. 
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Appendix  K. 

prbuminary  report  of  a  special  geological  party  operating  in  colorado 
and  new  mexico,  from  spanish  peaks  to  the  south,  field  season  of  1878, 
by  professor  john  j.  stevenson,  assistant. 

.University  of  the  City  of  New  York. 

Xew  Yorky  ApHl  10,  1879. 

Sir  :  I  have  the  honor  to  sobmit  herewith  a  preliminary  report  npon  the  geology  of 
the  portions  of  Soath  Central  Colorado  and  North  Central  New  Mexico  examined  by 
me  ciuring  the  field  season  of  1878. 

I  may  here  gfatefnlly  acknowledge  the  uniform  courtesy  shown  me  by  the  officers 
at  Forts  Union  and  Garland.    To  (he  kindly  co-operation  of  these  gentlemen  is  due 
not  a  little  of  the  success  marking  the  season. 
Very  respectfully,  yours, 

J.  J.  Stevenson. 


GENERAL   PHYSICAL  FEATURES  OF  THE  DISTRICT. 

The  region  examined  during  the  season  of  1878  includes  part  of  South  Central  Col- 
orado and  of  North  Central  ^ew  Mexico.  It  is  embraced  between  north  latitude  37^ 
20^  and  35°  40',  and  longitude  104°  V  30"  and  105°  30'  west  from  Greenwich.  It  is 
represented  on  atlas- sheets  70  A  and  70  C,  and  its  area  is  not  far  from  8,000  square 
miles. 

The  western  part  of  this  region  is  mountainous,  as  the  Sangre  de  Cristo  Range  of 
Southern  Colorado  enters  it  and  expands  iuto  a  group  of  ranges.  At  the  north  the 
mountains  break  down  abruptly  toward  the  east,  and  are  separated  by  a  narrow  lon- 
gitudinal valley  from  the  Raton  Mountains,  which  on  the  map  are  colored  as  coexten- 
sive with  the  Laramie  or  Lignitic  group.  Near  the  extreme  north  a  high,  basalt-cov- 
ered area,  marked  on  atlas-sheet  70  A  as  the  Raton  Plateau,  extends  ea^tward  from 
the  Raton  Mountains,  and  merges  into  a  great  volcanic  area  beyond  the  limits  of  the 
district. 

On  the  south  and  east  the  Raton  Mountains  look  upon  the  Canadian  plains,  abroad 
expanse  of  rolling  country,  dotted  here  and  there  with  low  mesas  or  flat-topped  hills, 
and  extending  southward  and  eastward  far  beyond  the  region  examined.  The  streams 
flow  across  this  plain-country  in  rapidly  deepening  channel- ways,  which  become  great 
canons  toward  the  south  and  southeast. 

The  mountain  area  expands  southward  for,  sav,  70  miles,  but  thence  it  contracts. 
The  eastern  or  Cimarron  Range  breaks  down  soutliward,  and  is  lost  in  a  great  mesa, 
which  will  be  spoken  of  in  this  report  as  the  Ocate  mesa,  while  the  next  range  at  the 
west  bends  westward,  and  the  low  mesa  country  is  carried  almost  to  the  western  edge 
of  the  district  before  the  southern  edge  has  been  reached.  The  change  in  the  con- 
ditions is  well  shown  on  the  map;  for  at  the  north  the  whole  of  the  mountain  area 
falls  within  the  district,  and  the  plains  of  the  Rio  Grande  are  reached  on  the  west  side, 
whereas  southward  the  expanding  of  the  mountain  groups  carries  a  great  mountain 
r^ion  out  beyond  the  weHtern  border,  while  at  the  same  time  the  gradual  dying  out 
or  some  of  the  eastern  anticlinals  and  the  curving  westward  of  others  throws  almost 
the  whole  of  the  mountain  area  beyond  the  western  edge  of  the  district. 

The  region  under  consideration  includes  parts  of  three  ^reat  drainag*^  areas :  that  of 
the  Purgatory,  that  of  the  Canadian,  and  that  of  the  Rfo  Grande.  The  tirst  two  are 
really  subdivisions  of  the  great  Arkansas  area,  but  as  far  as  concerns  the  present 
report  they  may  be  considered  as  wholly  independent. 

The  area  of  the  Purgatory,  which  occupies  the  northern  part  of  the  district,  begins 
on  the  west  slope  of  the  Cnlebra  Mountains  and  extends  eastward  to  beyopd  the  limit 
of  the  map.  It  is  the  seat  of  extensive  agricultural  and  mining  operations.  The  im- 
portant city  of  Trinidad  is  the  commercial  center.  The  area,  however,  is  narrow  and 
lies  north  from  a  line  passing  east  and  west  through  the  Raton  Plateau.  The  Cana- 
dian area  is  by  far  the  most  important,  for  it  includes  all  that  part  of  the  district 
lying  south  from  the  line  already  indicated  and  east  from  the  mountain  divide. 
Economically,  its  northern  portion  is  as  important  as  the  Purgatory  area,  but  the 
developments  have  not  been  carried  to  so  great  an  extent  either  iff  agriculture  or  in 
coal  mining.  The  area  of  the  Rio  Grande  lies  wholly  west  from  the  mountain-summit, 
as  far  as  the  work  of  last  seuson  is  concerned,  but  the  divide  between  it  and  the 
Canadian  bends  to  the  east  immediately  south  from  the  region  examined,  so  that 
thence  southward  the  waters  from  both  sides  of  the  mountain  ranges  are  drained  into 
the  Rio  Grande. 

THE  DIVIDES. 

The  divide  separating  the  areas  of  the  Purgatory  and  Canadian  from  the  area  of  the 
Rio  Grande  may  be  best  considered  as  a  unit,  as  indeed  it  is,  separating  as  it  does  the 
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Rio  Grande  area  from  that  of  the  ArkaDsas,  of  which,  as  already  stated,  the  areas  of  t]» 
Canadian  and  Pargatory  are  bnt  insignificant  divisions. 

Beginning  at  the  northern  limit  of  the  district,  we  find  this  divide,  there  known  ai 
the  Cnlebra  Range,  to  be  bat  a  continuation  of  the  Sangre  de  Cristo  Range,  to  vbiek 
snfBcient  reference  has  been  made  in  my  previous  report.  The  divide  coincides vitk 
the  summit  of  the  range  for  a  distance  of,  say,  20  miles,  when  it  bends  eastward,  of 
rather  is  shifted  east,  a  few  miles.  The  southerly  coarse  is  resumed  and  retained  to 
the  head  of  Comanche  Creek,  where  it  bends  westward.  It  now  coincides  again  with 
the  summit  of  the  main  mountain  range  and  so  continues  to  the  most  soatbern  poiot 
reached  daring  the  season.  The  divide  is  the  same  with  the  summit  of  the  monntiin 
ridges  marked  on  the  map  as  the  Mora  and  the  Las  Vegas. 

The  passes  over  the  divide  are  not  numerous,  and  few  of  them  show  gentle  ap* 
proaches.  The  first,  beginning  at  the  north,  is  Costilla  Pass,  leading  from  VenoQO 
Creek,  a  tributary  to  the  Canadian,  to  Costilla  Creek,  a  tributary  to  the  Rio  Graixiik 
The  approach  from  the  west  is  very  gradual,  and  the  summit  of  the  pass  is  a  broad, 
open,  and  somewhat  rolling  plain  ;  but  the  approach  from  the  east  is  alrapt^ 
though  the  diflScult  grade  was  easily  overcome  by  making  the  road  serpentiDe.  This 
pass  IS  bot  10,147  feet  high  at  the  summit,  and  is  said  to  remain  open  during  nearktbe 
whole  year.  Bat  it  is  little  used  now,  for,  although  the  summit  is  not  likely  to  Temiin 
closed,  the  approach  on  the  west  side  is  liable  to  be  badly  blocked  with  snnwinsome 
narrow  defiles.  Moreno  Pass  leads  from  the  head  of  Comanche  Creek,  a  tribnttiyu) 
Costilla,  to  the  head  of  Moreno  Creek,  a  fork  of  Cimarron  Creek,  which  enters  the  Ca- 
nadian. This  is  a  low,  gentle  pass,  with  easy  approaches  on  eacii  side,  bnt  liabletobe 
choked  with  snow  at  an  early  date.  It  is  somewhat  uncertain,  as  the  ground  ismatsfaj 
for  some  distance  on  each  side  of  the  summit.  The  pass  is  not  thought  to  be  a  eood 
one,  as  it  is  more  apt  to  close  quickly  during  snow  storms  than  are  some  of  those  wbicb 
are  higher  and  more  abrupt. 

Red  River  Pass,  leading  from  the  west  fork  of  Moreno  Creek  to  the  head  of  Colo- 
rado Creek,  was  much  used  while  the  Moreno  mining  district  was  proeperons.  Ad  ex- 
cellent wagon-road  was  constructed,  but  since  the  decay  of  mining  interests  tberaad 
has  been  little  used  and  it  is  in  a  dilapidated  condition.  The  approach  from  tbeeai^ 
is  comparatively  gentle,  but  the  grade  on  the  west  side  is  extremely  abrupt,  difficult 
indeed  for  loaded  animals.  Unless  the  grade  were  very  materially  better  in  earlier  dan 
one  can  hardly  conceive  how  wagons  could  have  been  taken  over  it.  The  grade  for ooe 
mile  is  nearly  ten  degrees. 

Taos  Pass  leads  from  Moreno  Valley  to  the  head  of  Ferdinand  Creek  and  is  croned 
by  the  sta^e-road  to  Taos.  The  approach  on  each  side  is  a  comparatively  gentle  grade 
until  within  half  a  mile  of  the  summit,  but  thence  the  grade  is  very  difficult  Tbe 
pass  is  9,095  feet  high  and  is  kept  open  during  the  winter.  Like  that  of  the  Bed 
Kiver  Pass,  the  summit  of  this  is  exposed,  and  there  is  little  opportunity  for  snow  to 
accumulate  during  the  driving  storms  which  prevail.  Much  freighting  is  done  oTcr 
this  important  pass. 

A  wagon-road,  crossing  the  Mora  range  from  Black  Lake  on  Coyote  Creek  to  a  fork 
of  FrijoT6  Creek,  was  constructed  many  years  ago  for  government  use ;  bnt  it  followed 
no  pass,  and  the  grade  was  so  bad  that  when  no  longer  needed  by  the  goveniDOt 
teamsters  the  road  was  abandoned. 

The  Las  Vegas  Mountains  present  a  regular  crestline  towards  the  Mora  River, a 
tributary  of  the  Canadian,  and  two  roads  cross  from  Mora  Creek  to  the  streams foiv- 
ing  Junta  Creek,  tributary  to  the  Rio  Grande.  The  northern  road  winds  up  the  mouit- 
ain  side  with  a  painful  grade  lasting  for  nearly  three  miles,  but  over  the  snmiDit,oD 
the  waters  of  Junta  Creek,  the  grade  is  not  so  difficult.  The  approaches  on  botbsidea 
are  easier  along  the  other  road.  Both  roads  are  said  to  remain  ^ely  open  during  tb< 
whole  winter.  No  other  passes  exist  along  this  divide  within  the  district,  the  disUnee 
included  being  not  far  from  140  miles.  A  few  trails  have  been  used  bv  the  IndiiB^ 
but,  for  the  most  part,  these  are  hardly  practicable  for  loaded  animails.  Ooe  s&eb 
trail  passes- from  the  south  fork  of  the  Purgatory  to  the  north  fork  of  Culebra  Creek; 
another,  from  the  Moreno  Valley  to  Lucero  Creek,  and  another  from  the  head  of  Men 
Creek  to  a  fork  of  Frijol^  Creek.  These  are  very  obscure,  and  are  badly  ohstmcted 
with  fallen  timber,  so  interlaced  that  progress  is  almost  impossible. 

The  divide  between  the  Pargatory  and  the  Canadian  begins  on  the  west  slope  of  the 
Cnlebra  Range,  and  follows  a  tortuous  course  throngh  the  Laramie  area  to  the  Ra^ 
Plateau,  and  thei^o  to  beyond  the  district  at  the  east.  The  passes  are  numerous  and 
for  the  most  part  unpleasantly  abrupt  near  their  summits. 

A  gentle  pass  leads  from  the  Purgatory  to  the  Vermejo  in  the  narrow  vallej  at  tbt 
base  of  the  range.  It  is  crossed  by  a  good  wagon-road  and  is  9,176  feet  high  at  tka 
summit.  A  good  pass  leads  from  Long's  Gallon,  tributary  to  the  Purgatonr,  to  ^ 
head  of  the  Upper  Canadian,  and  thence  to  Vermejo  Creek.  It  is  followed  I7  * 
wagon-road,  leading  from  Trinidad  to  Elizabethtown  in  the  Moreno  Valley.  T^ 
passes  lead  from  Dillon's  Cafion,  tributary  to  the  Canadian,  to  the  waters  of  the  ?^ 
l^atory;  the  onecTQBain&  to  Lout's  Cation ,  and  the  other  to  Chicken  Creek,  whi^ 
empties  into  Raton  Creek.   T\i^  \aX\ft;t  \« ^\^  \a \)^  ^\i  «vi^\\^tit  \^aas.    The  f onatf  k9 
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gentle  approaches  on  the  Canadian  side,  but  for  two  miles  from  the  snmmit,  on  the 
other  slope,  it  is  painfally  steep.  Raton  Pass  leads  from  Willow  Creek  to  Raton 
Creek,  and  for  many  years  it  has  been  the  most  important  of  the  passes  over  this  divide, 
for  the  Santa  F6  stage  and  freight  road  crosses  by  it.  The  road  is  excellent  and  the 
grades  are  good,  except  near  the  summit  on  the  Raton  side,  where,  for  more  than  half 
a  mile,  the  eraae  is  steep,  and  the  pasS  is  hardly  available  daring  muddy  weather. 
The  soft  shales  readily  break  down  into  mud,  and  in  long-continued  wet  weather  the 
road  seems  to  become  almost  bottomless.  This  pass  has  been  used  by  the  Atchison, 
Topeka  and  Santa  F^  Railroad^  as  the  distance  through  the  hill,  near  the  summit,  is 
insignificant  and  the  abrupt  grades  are  avoided  by  a  short  tunnel. 

Manco  Burro  Pass  leads  from  the  head  of  Chico  Rico  Creek,  a  tributary  to  the  Can- 
adian, to  the  head  of  San  Isidro  Creek,  flowing  to  the  Purgatory.  It  is  approached 
from  the  north  or  Purgatory  side  by  two  roads,  one  skirting  the  wall  of  the  Mesa  and 
approaching  the  pass  by  comparatively  easy  grades,  the  other  following  up  San  Isidro 
Creek.  Either  of  these  is  available  for  pack  animals  and  the  former  is  easy  for  wagons. 
The  roads  come  together  at  the  foot  of  the  direct  ascent  to  the  summit,  which  is  of  not 
80  good  grade.  Still,  it  is  not  much  more  difficult  for  wagons  than  the  corresponding 
portion  of  Raton  Pass,  on  the  north  side.  The  approach  on  the  southern  or  Canadian 
side  is  not  easy,  but  it  is  passable  for  wagons. 

The  subordinate  divides  will  be  described  in  the  final  report  on  this  region. 

THE  STREAMS. 

A  few  more  notes  respecting  the  streams  may  not  be  out  of  place  here,  as  the  map 
will  not  accompany  this  preliminary  report. 

The  Upper  Purgatory  Kiver  is  formed  by  the  union  of  several  branches  within  the 
the  Laramie  area  at  not  far  from  the  base  of  the  Culebra  Range,  and  flows  irregularly 
eastward  to  beyond  the  limits  of  the  district.  The  several  streams  forming  its  forks 
flow  through  deep,  though  short,  gorges  and  unite  for  the  most  part  within  the  nar- 
row longitudinal  valley  at  the  base  of  the  range.  Below  the  junction  of  the  forks  the 
river  flows  through  the  Laramie  area  in  a  broad  caHon  with  walls  of  varying  abrupt- 
ness, which  seem  to  gain  somewhat  in  altitude  toward  the  plains.  Long  tributary 
cafions  enter  that  of  the  main  stream  from  both  sides,  all  of  them  heading  on  the  Lar- 
amie Plateau,  which  is  known  as  the  Raton  Mountains. 

The  Canadian  River  is  formed  by  the  union  of  the  two  streams,  both  having  their 
source  in  the  Laramie  area,  the  one  formed  by  petty  creeks  rising  under  Manco  Burro 
and  Raton  passes,  the  other  rising  at  the  top  of  the  plateau  farther  west.  These  unite 
in  the  Canadian  plains,  and  thence  the  river  flows  southeastwardly  to  beyond  our  lim- 
ite.  Its  channel-way  deepens  rapidly  and,  at,  say,  70  miles  south  from  the  northern 
edge  of  the  district  it  enters  a  cafion  which,  where  last  seen  during  the  season,  is  1,090 
feet  deep.  This  stream  receives  many  important  tributaries  from  the  west,  of  which 
Vermejo  and  Cimarron  Creeks  have  their  sources  in  the  mountains  and  drain  a  great 
part  of  the  Laramie  area.  Ooate  Creek  drains  much  of  the  Ocate  mesa,  while  Coyote, 
Mora,  Cebolla,  and  Sapello  creeks,  draining  the  whole  of  the  mountainous  region  at  the 
south,  unite  to  form  the  Mora  River,  which  enters  the  Canadian  near  the  southeast 
comer  of  the  district.  This  large  river  flows  in  a  dismal  cafion  similar  to  that  of  the 
Canadian. 

THE  ANTICIJNALS. 

The  antidinals  of  the  region  fall  naturally  under  three  series,  thus : 

THE  CULEBRA  AXIS  AND  ITS  SUBDIVISIONS— THE    CIMARRON    AXIS,  AND    THE  SUBOR- 
DINATE AXES  OF  THE  RATON  MOUNTAINS  OR  AREA  OF  THE  LARAMIE  GROUP. 

The  Culebra  axis  enters  the  district  at  the  north  and  seems  to  be  the  continuation 
of  the  Sangre  de  Christo  Range,  though  this  st>atement  may  not  be  made  positively, 
for  I  had  no  opportunity  to  determine  its  accuracy.  The  axis  is  marked  by  the  Cule- 
bra Range,  and,  so  far  as  can  be  ascertained,  remains  simple  until  a  short  distance 
south  from  Costilla  Creek,  the  line  between  Colorado  and  New  Mexico,  where  a  fault 
begins,  which  apparently  marks  the  ori^n  of  the  strong  Mora  anticlinal.  The  west- 
em  part  of  the  axis  beyond  the  fault  evidently  ends  at  a  little  way  north  from  Ferdi- 
nand Creek,  or  not  far  south  from  Taos  Peak,  and  the  new  axes  are  found  west  from 
the  Mora  anticlinal.  These  I  have  designated  as  the  Santa  F6  and  the  United  States 
axes,  the  names  being  taken  from  the  ranges  which  show  the  course  of  the  antidinals. 

Little  information  was  obtained  respecting  the  Santa  F^  and  United  States  axes,  as 
they  lie  altogether  beyond  the  western  limit  of  the  district,  and  were  reached  only 
incidentally  during  a  detour  made  to  secure  information  concerning  the  west  slope  of 
the  Mora  axis.  They  remain  to  be  examined  during  a  coming  season.  The  synclinal 
between  the  Mora  and  the  Santa  F^  axis  contains  only  rocks  of  the  Carboniferous  a^, 
and  no  rocks  of  later  age  are  involved  in  the  axes  themselves.  T^e  age  of  the  rocks  oe- 
tweeo  the  Santa  F^  ana  the  United  States  axis  was  not  fully  determined,  but  it  seemB 
to  be  only  Carboniferous  in  the  northern  part  of  the  trough,  to  which  alone  my  exam- 
inations were  confined. 
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The  Mora  anticliDal  is  a  bold  axis  with  a  distinct  Archean  core,  and  follows  u  il- 
most  north  and  soath  course  to  Cebolla  Creek,  where  it  bends  westward  and  foUon 
a  southwest  course  to  the  southern  boundary  of  the  region  examined.  A  great  ftnU 
was  found  on  the  west  slope  of  this  fold  whereby  the  Archean  rocks  are  expoised sooth- 
ward  from  Mora  Creek  to  Sapello  Creek.  A  distinct  subordinate  anticlinal  occnnon 
the  western  slope,  and  is  apparently  the  nortbward  continuation  of  this  fault  Car- 
boniferous rocks  alone  are  involved  in  this  axis. 

The  Coyote  synclinal,  between  the  Culebra-Mora  axis  and  the  Cimarron  axis  at  the 
east,  presents  some  extremely  complicated  stratigraphy,  which  has  not  been  worked 
out  in  detail,  though  the  general  structure  is  now  quite  clear.  It  is  hoped  that  after 
the  short  season  of  1879  I  shall  be  able  to  present  the  structure  of  this  interettinc  ip- 
clinal  in  all  needed  detail.  Unlike  the  synclinals  at  the  west,  this  one  holds  rocks  be- 
longing to  the  Mesozoic,  even  those  of  the  Laramie  Group. 

The  Cimarron  anticlinal  appears  as  an  anticlinal  first  near  Ponil  Paan,  immediatelj 
north  from  the  Old  Baldy  Mountains,  but  it  is  easily  followed  north  far  beyond  tbedii- 
appearance  of  anticlinal  structure ;  for  the  strata  on  the  east  slope  of  the  CnlebraRaDfe 
are  violently  distorted  even  to  the  northern  limit  of  the  district.  The  axis  iocreues 
in  height  to  beyond  Cimarron  Creek,  but  thence  southward  declines  until  it  fioalij 
disappears  in  an  upturned  wall  of  Dakota  sandstone  in  the  synclinal  at  the  west.  Uo- 
like  the  other  axes,  this  involves  the  newer  rocks,  and  at  Ponil  Pass  it  is  cronedbj 
those  of  the  Laramie  Group. 

The  Cimarron  axis  is  scarcelv  less  interesting  than  the  Coyote  synclinal,  intermnDg 
between  it  and  the  Mora  anticlinal  at  the  west. 

THE  SUBORDINATE  AXTICLINALS. 

Several  small  anticlinals  were  observed  in  the  Raton  Mountains,  and  one  occanin 
the  southern  part  of  the  district,  which  is  crossed  by  the  Canadian  River  at  batafet 
miles  below  the  head  of  the  cafion.  These  anticlinals  are  not  parallel  to  each  other, 
though  there  is  a  close  relationship  existing  among  all  except  that  lying  neamtthe 
mountain  range.  For  the  most  part  these  axes  are  gentle,  with  dips  seldom  exceediog 
two  or  three  degrees.  But  the  Vermejoaxis,  the  most  western  of  all,  shows  dips  ten  <i^ 
grees  on  each  side.  It  differs  from  the  others  in  that  its  course  is  nearly  north  andsoath, 
while  the  others  have  a  north- northeast  to  northeast  trend.  These  minor  axes  hare 
decided  economic  importance,  for  to  their  influence  is  due  the  accessibility  of  theiig* 
nitic  rocks  over  an  extensive  area.  The  Raton  anticlinal,  passing  but  three  orfoar 
miles  west  from  the  summit  of  Raton  Pass,  is  as  abrupt  as  the  Vermejo,  and  its  slopes 
are  quite  as  short.    It  brings  up  the  great  Trinidad  coal  bed  to  the  surface. 

The  minor  axes,  in  the  order  of  their  occurrence,  are  the  Vermejo,  the  La  Janta,tbe 
Raton,  and  the  Canadian.  In  addition  to  these  is  the  peculiar  uplift,  the  Toikey 
Mountains,  in  the  neighborhood  of  Fort  Union.  This  seems  hardly  to  be  a  tme  soti- 
cli'nal,  but  its  features  have  not  been  ascertained  satisfactorily.  The  dip  is  in  >11 
directions  from  a  central  point  and  its  existence  is  due  probably  to  volcanic  actioD, 
which  was  so  energetic  in  its  immediate  vicinity. 

THE   ARCHEAX  AREA. 

This  area  is  continuous  on  the  western  side  of  the  district.  It  enters  at  the  north 
and  forms  the  axis  of  the  Culebra  Range,  continues  through  the  Taos  and  the  llora 
Ranges,  and  passes  into  the  Cimarron  Range  across  the  northerm  part  of  the  Coyote 
synclinal.  It  is  very  broad  at  the  north,  though  the  overflows  of  basalt  have  ooveisd 
much  of  it  on  the  west  side  of  the  Culebra  and  Taos  Ranges.  In  like  manner  itiacon- 
cealed  greatly  in  the  Cimarron  Range  and  to  a  slight  extent  on  the  east  side  of  ths 
Mora  Range.  The  Santa  Fd  and  the  L^nited  States  anticlinals  show  Archean  rocto,hat 
those  areas  are  separated  from  the  main  area  and  lie  wholly  ontaide  of  the  region 
assigned  for  examination  during  1878. 

The  rocks  within  this  area  show  ffreat  uniformity  in  character.  In  the  Cnlehrs 
Range  there  is  much  coarse  gneissoid  granite,  with  here  and  there  some  gneiaan^ 
mica  schist.  But  near  Costilla  Creek  the  general  condition  changes,  and  there  the 
prevalent  rock  is  dark  gneiss,  very  tine  grained  and  compact,  which  is  not  wboUj 
unlike  sandstone  in  its  general  appearance.  With  this  there  occurs  also  white  qoartx- 
ite  in  broad  bands,  which  is  of  frequent  occurrence  southward  in  the  Coyote  synclinal, 
along  Comanche  Creek  and  the  north  fork  of  Moreno  Creek.  No  ohloritic  rocks  weft 
seen  except  on  Costilla  Creek,  where  some  thin  beds  of  those  rocks  occur  in  close  rela- 
tion to  a  dike  of  trachyte. 

In  the  Taos  Range,  exposures  were  found  only  on  the  east  side,  where  coarse  gneissoi^ 

f:ranite  prevails,  though  here  and  there  one  finds  a  mottled  gneiss,  with  some  beaati* 
ully  waved  schists  containing  silvery  mica.  A  fine-grained,  somewhat  greasy  gneitf* 
is  frequently  shown  in  the  Moreno  Valley,  between  the  Taos  Range  and  the  Cimannn 
Range.  In  the  Cimarron  Range  the  gneitrs  is  dark,  compact,  and  cleaves  like  wood.  1^ 
holds  few  streaks  of  quartz,  but  here  and  there  it  shows  blotches  of  gneissoid  granite 
which  is  extremely  coarse. 
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The  area  of  Archean  rocks  becomes  very  narrow  along  the  Mora  anticlinal  soath- 
ird  from  Taos  Pass.  The  axis  of  this  anticlinal  does  not  coincide  with  the  topo- 
aphical  range  designated  on  the  map  as  the  Mora  Range,  bnt  lies  between  Mora 
reek  and  Coyote  Creek,  and  passes  almost  directly  throngh  the  towns  of  Mora, 
^bolla,  and  Santo  Nino.  The  exposures  under  this  anticlinal  are  very  distinct.  Along 
«  slope  facing  Coyote  Creek  the  rock  is  fine-grained,  white  gneiss,  containing  silvery 
ica.  But  nearer  the  axis  of  the  fold  the  character  changes,  and  the  prevailing  rock 
a  fine-grained  gneiss,  so  like  unaltered  sandstone  that  one  examining  only  band 
tecimens  might  well  hesitate  before  positively  assigning  it  a  place.  Bnt  this  rock 
isses  gradually  into  a  dark,  micaceous  schist,  or  schistose  gneiss,  and  is  much  con- 
»rted.  It  contains  many  thlu  veins  of  quartz.  The  character  of  the  rock  changes 
ttle  southward  to  the  farthest  point  reached  during  the  season.  Coarse  gueissoid 
ranite,  gneiss,  and  micaceous  schists  prevail  everywhere.  Theabsence  of  hornblende 
leka  is  a  noticeable  feature,  none  having  been  found  anywhere  except  in  the  Mora 
CIS,  on  Ferdinand  Creek,  at  a  few  miles  south  from  Taos  Peak. 
Under  the  Santa  Fd  axis  a  fiuegraiued,  compact,  and  almost  white  gneiss  was  ob- 
rved.    It  seems  to  be  the  only  ruck  representing  the  Archean  age  there. 

THE  CARBONIFEROUS  AREAS. 

The  areas  of  Carboniferous  rocks  are  somewhat  disconnected.  The  northern  area 
egins  with  the  district  and  extends  southward  along  the  eastern  slope  of  the  Culebra 
an^e  to  near  Costilla  Peak,  where  it  ends  somewhat  abruptly. 
Within  this  the  succession  is,  first,  a  mass  of  coarse' reddish  to  grayish  red  sandstones 
ad  conglomerates,  in  all  probably  :{,000  feet  thick ;  below  this  are  reddish  sandstones 
ad  shales  alternating  with  limestones  and  passing  into  a  coarse  conglomerate  which 
S8ts  on  the  Archean.  No  successive  exposures  were  accessible  whereby  a  detailed 
iction  could  be  obtained.  Three  beds  of  limestone  were  observed,  all  of  which  are 
learl^  of  Coal  Measures  age.  The  lowest  of  them,  resting  on  the  lower  conglomerate, 
>Dtains  no  species  except  those  which  may  be  regarded  as  Coal  Measures  forms. 

Near  Costilla  Peak  the  Carboniferous  rocks  run  out  against  the  Metamorphic  rocks. 
The  second  area  is  in  the  Coyote  synclinal,  which  lies  between  the  Cimarron  Range 
od  the  Mora  axis.  Carboniferous  rocks  are  not  present  on  the  east  side  of  the  syn- 
iinal  at  the  north,  where  the  Cimarron  axis  is  strong,  but  they  occupy  an  earlier 
x>ugh  on  the  west  side  of  the  synclinal,  where  they  lie  unconformably  beneath  Da- 
»ta  rocks.  This  area,  following  the  east  slope  of  the  Mora  axis,  begins  very  near  the 
ititnde  of  Elizabethtown  and  continues  southward  to  the  southern  limit  of  the  dis- 
ict.  It  is  more  than  probable  that  the  examinations  of  a  succeeding  season  may  show 
lat  it  is  connected  with  a  third  area  occupying  the  synclinal  between  the  Mora  and 
ftnta  F^  axis. 

The  conditions  within  this  area  are  in  marked  contrast  to  those  observed  in  the  for- 
irmer  one.  The  coarse  conglomerate,  there  capping  the  series,  is  wanting,  the  rocks 
-e  finer  in  grain  in  the  upper  portion,  and  the  limestones  are  increased  in  number  and 
lickness ;  but  the  great  conglomerate  which  was  observed  at  the  base  on  the  Culebra 
aDge  has  become  thicker  and  coarser,  so  that  near  the  northern  exposures  in  this  syn- 
inal  it  holds  huge  blocks  of  the  Archean  rocks.  Here,  too,  it  contains  a  limestone 
K>ut  midway,  which,  however,  is  non-fossil  if  erous. 

Still  farther  south  in  this  synclinal  the  change  is  more  marked,  for  the  great  con- 
omerate  at  the  base  of  the  series  disappears,  a  siliceous  limestone  rests  directly  on 
16  Archean,  and  limestones  are  still  further  increased  in  number  and  thickness,  so 
lat  on  Mora,  Cebolla,  Manuelitos,  and  Sapello  Creeks  the  lower  part  of  the  series  is 
rgely  made  up  of  thick  limestone  beds.  A  change  occurs  also  in  the  higher  beds  of 
le  g^oop.  Instead  of  the  coarse  conglomerates  and  the  reddish  sandstone  and  brown- 
h  red  sandy  shales,  which  are  present  on  the  Culebra  Range  as  well  as  in  the  extreme 
>rth9rn  portion  of  the  Coyote  synclinal,  one  finds  a  mass  of  ^ray  sandstones  in  thin 
ids,  separated  by  thinner  beds  of  red  shale,  with  occasional  limestones  in  the  latter, 
hia  condition  begins  near  the  head  of  Coyote  Creek  and  continues  southward  as 
r  as  the  season^s  work  was  carried.    An  insignificant  area  of  Carboniferous  was  seen 

the  heart  of  the  Turkey  Mountains,  where  the  gray  sandstones  and  red  shales  are 
Lposed.  No  limestones  were  observed,  but  Dr.  Newberry  obtained  fragments  of  stig- 
aria  from  these  sandstones,  which  at  once  fixes  their  age. 

The  third  principal  area  occupies  the  synclinal  between  the  Mora  and  Santa  Fc  axes, 
ittle  investigation  was  made  in  this  synclinal,  as  it  lies  almost  wholly  beyond  the 
estern  limit  of  the  district.  No  detailed  sections  were  obtained  anywhere,  and  the 
caminations.  for  the  most  part,  were  such  as  could  be  made  during  a  hasty  recon- 
aiasance.  The  Carboniferous  rocks  are  not  reached  in  the  cafion  of  the  Canadian 
iver  within  the  district;  and  no  rocks  belonging  to  this  age  were  seen  on  the  west 
de  of  the  Culebra  Range.  Indeed,  they  seem  to  be  absent  from  the  west  side  of  the 
lountains  northward  from  Taos  Peak. 
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THE  JURA-TRIAS  AREAS. 

The  Jara-Trias  rocks  are  exposed  to  but  a  slight  extent.  The  loDeest  contmioai 
exposure  is  in  the  Canadian  ana  Mora  cafions,  inhere  the  series  anderlTes  the  DakeU 
sandstone  and  has  a  thickness,  as  exposed,  of  abont  250  feet.  A  thin,  blnejaLaWUBa- 
stone,  without  distinct  fossils,  is  the  hishest  member  of  the  groop.  Below  thii  ir 
sandstones,  nay  and  oliye,  with  a  grayish  limestone  at  the  base,  resting  on  rsd  sIiiIh 
mottled  with  white. 

A  petty  exposure  exists  in  the  Turkey  Mountains  on  the  east  aide,  where  thdmb^ 
as  far  as  seen,  resemble  those  shown  in  the  cafions  of  the  Mora  and  Canadian. 

Within  the  mountain  area  exposures  of  these  rooks  are  very  rare.  The  whole  mm 
is  evidently  absent  from  the  Culebra  Range  as  well  as  from  the  northern  part  of  tiki 
Coyote  synclinal,  where  the  Dakota  Group  rests  directly  on  the  CarbonifMoua.  Bat 
these  rocks  do  make  their  appearance  in  that  synclinal  on  Coyote  Creek  below Gsaii- 
Inpita,  and  the  total  thickness  of  the  series  is  not  far  from  700  feet.  In  the  upper  900 
feet  some  impure  limestones  occur,  but  there  is  none  lower  down,  where  onfj  eem 
sandstone  and  shales  appear. 

But  the  condition  changes  farther  south  within  this  synclinal,  for  on  Men  Creek 
the  series  is  represented  by  fine  red  shales  and  fine-grained  sandstones,  the  latter  oob* 
taiuing  rows  of  quartz  pebbles.  What  the  character  of  the  rocks  is  on  the  stimn 
farther  south  was  not  ascertained. 

No  Jura-Trias  rocks  occur  on  the  Mora  anticlinal  or  the  Mora  side  of  the  CoyoteijB' 
clinal.  They  are  shown  only  on  the  Cimarron  side  of  that  synclinal.  They  are  wMf 
absent  from  the  synclinal  between  the  Mora  and  Santa  F^  anticlinals. 


TUB  DAKOTA  AREAS. 

The  Dakota  Group  is  exposed  in  two  areas ;  the  first  on  the  east  slope  of  theCalebn 
Ran^e,  from  Cucharas  Pass  at  the  north  to  Costilla  Peak  at  the  south ;  the  second,  a 
continuous  though  very  irregular  area  underlying  the  Ocate  mesa  at  the  west,  and 
showing  a  continuous  outcrop  along  Coyote,  Mora,  and  other  streams  in  the  Coyote 
synclinal,  and  underlying  the  great  Canadian  plains  southward  from  the  hesd  of  the 
Canadian  Canon. .  Indeed,  the  Dakota  is  the  prevailing  rock  in  the  southern  part  of  tlie 
district,  except  where  basalt  overflows  have  concealed  all. 

This  group  is  represented  only  by  sandstone  in  the  northern  area,  where  ittapM 
from  fine-grained  sandstone  to  moderately  coarse  conglomerate.  Smooth  qoarti  peb- 
bles are  numerous  in  the  coarser  beds,  and  thin  filina  of  quartz  give  a  honeyeooib 
structure  to  the  finer  ones.  No  fossils  of  any  sort  were  observed  here.  The  thiekseai 
is  not  far  from  300  feet. 

In  the  southern  area,  the  conditions  are  varied.  The  rock  forms  the  rim  of  tiie 
Canadian  Canon,  where  it  is  only  sandstone  and  about  650  feet  thick.  Saadatoue 
alone  was  seen  on  the  Canadian  plains  and  in  the  Long  Qa&on  of  the  Mora,  bnl  op 
Sapello  Creek,  where  the  group  is  turned  up  sharply  below  the  village  of  Sapello,tbe 
composition  is  quite  different;  for  there  one  finds  shales  and  sandstone  withaooe 
argillaceous  limestdne.  The  shales,  however,  appear  to  be  wanting  at  all  expoaoni 
north  from  Cebolla  Creek,  and  certainly  there  are  no  shales  in  the  Turkey  Moaataias 
or  on  the  broad  mesa  stretching  from  those  mountains  to  Coyote  and  Mora  Creeks. 

No  coal  was  observed  anywhere  within  rocks  of  this  series ;  the  whole  mass  seesi 
to  be  practically  uon-fossiliferous,  and  no  remains  of  plants  or  animals  were  fo^pd, 
aside  from  some  indistinct  f ucoids  in  thin-bedded  sandstones  at  the  very  samott*^ 
the  section. 

THE  COLORADO  AREAS. 

The  Colorado  Group  of  King  and  Hayden  includes  the  numbers  2,  3,  and  4of  Heek, 
as  published  by  him  in  the  Memoirs  of  the  American  Aoadetny  of  Science  in  185(S.  TbeM 
groups  show  some  variations,  and  at  times  there  aeems  to  be  much  difficulty  in  seftf* 
ating  them ;  but  the  Niobrara  and  Fort  Pierre  subgroups,  Nos.  3  and  4,  are  thoroeigltlj 
persistent  and  independent.  Some  doubt  may  exist  respecting  the  propriety  of  lep* 
arating  the  Fort  Benton  Group,  No.  2,  from  the  immediately  underlying  DM^ 
These  pass  into  each  other  so  gradually  that  it  is  not  always  possible  to  draw  a  line o< 
separation  between  them. 

The  rocks  of  the  Colorado  Group  are  exposed  first  along  the  east  slope  of  Uie  Cal^ 
bra  Range  from  the  north  limit  of  the  district  southward  to  Costilla  Peak  Bep^ 
this  sontnward  the  series  is  buried  under  igneous  overflows. 

Insignificant  patches  of  this  group  remain  in  the  northern  portion  of  theCoyt^ 
svnclinal,  but  further  south  the  newer  portion  of  the  synclinal  becomes  exceedingiy 
shallow,  owing  to  the  decreasing  importance  of  the  Cimarron  axis,  and  the  Coloftd* 
rocks  have  been  almost  wholly  removed  from  it. 
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The  Colorado  rocks  are  finely  fthown  on  the  plains  of  the  Canadian  and  Purgatory, 
and  they  surround  the  Laramie  area,  forming  part  of  the  hluff  overlooking  the  plains. 
The  higher  members  of  the  group  fringe  the  Ocate  mesa  almost  to  its  southern  border. 
They  have  been  removed  by  erosion  from  a  large  part  of  the  plains  lying  between  the 
ca&ons  of  the  Mora  and  Canadian,  but  extensive  remnants  remain  in  mesas,  many  of 
them  preserved  by  the  hard  cap  of  basalt. 

The  members  of  this  group  show  little  variation  within  the  region  examined.  The 
Fort  Benton  sab-group,  No.  2  of  Meek,  is  rarely  exposed  in  the  Cnlebra  area,  bat  it  is 
fairly  well  shown  near  the  head  of  the  Canadian  Calion,  on  the  eastern  edge  of  the 
Coyote  synclinal  at  the  south,  as  well  as  at  several  localities  farther  south,  beyond  the 
end  of  the  Cimarron  anticlinal.  At  all  localities  it  is  represented  by  a  very  dark  brown, 
more  or  leas  bandy  shale,  which  becomes  more  sandy  toward  the  base  until  it  passes 
imperceptibly  into  the  Dakota  sandstone  below.  No  fossils  were  foand  in  it  aside  from 
the  characterless  fucoids,  which  belong  alike  to  it  and  to  the  Dakota. 

The  yiobrara  subgroup,  No.  3  of  Meek,  shows  comparatively  little  variation  in 
character.  It  is  represented  by  bluish,  earthy  limestone,  alternating  with  variegated 
shale,  which,  however,  is  mostly  quite  dark.  The  series  evidently  Incomes  thicker  as 
it  recedes  from  the  old  land  area  of  the  mountains,  for  it  is  not  less  than  700  feet  on 
the  Canadian  plains  along  the  line  of  Cimarron  Creek,  whereas  it  is  much  less  on  the 
side  of  the  Cnlebra  Range.  The  limestones  are  richly  fossiliferons  at  almost  all  locali- 
ties, and  in  all  respects  tbe  rocks  bear  exact  resemblance  to  those  of  the  same  subgroup 
in  Central  Colorado. 

The  Fwt  Pierre  sub-Group  has  a  thickness  of  probably  1,200  feet,  but  this  could  not 
be  determined  with  accuracy,  as  exposures  in  the  plains  occur  only  along  the  streams. 
These,  though  almost  continuous,  are  not  sufficient  to  show  the  thickness  of  the  group 
satisfactorily.  The  series  consists  of  shales,  varying  from  argillaceous  to  arenaceous, 
brown,  drab,  and  gray,  to  blue  and  almost  black.  For  450  feet  at  the  top,  the  shales 
are  crowded  with  concretions,  calcareous  and  ferruginous.  The  former  occur  higher 
op  than  the  latter,  and  are  more  frequently  fossiliferons. 

This  subgroup  is  best  exposed  in  and  near  the  bluffs  facing  the  plains  on  the  east 
side  of  the  Laramie  area.  It  is  exposed  also  on  the  west  side  of  that  area  along  a  nar- 
row valley  following  the  base  of  the  Cnlebra  Range,  and  extending  from  Cucharas 
Pass  at  the  north  to  Costilla  Peak  at  the  south.  Through  the  induence  of  the  Ver- 
mHo  anticlinal,  its  shales  are  brought  up  within  the  Laramie  area,  on  Vermejo  Creek 
and  on  the  south  fork  of  the  Purgatory  River,  where  they  show  the  same  features  as 
on  the  plains  and  at  the  base  of  tne  mountains. 

The  rocks  of  this  subgroup  are  seldom  exposed  within  the  space  represented  on 
map  70  C.  They  crop  out  under  the  east  edge  of  the  Ocate  mesa,  under  the  basalt  cap 
«f  the  Canadian  Hills,  and  some  insignificant  mesas  have  been  spared  between  Cebolla 
and  Sapello  Creeks. 

The  Fort  Pierre  shales  pass  imperceptibly  upward  into  the  Laramie  Group,  there 
being  no  Fox  Hills  Group  m  this  region,  unless  that  include  also  the  Laramie  or  Li^- 
nitic,  which,  as  seems  to  me,  is  by  no  means  improbable.  The  Junction  of  the  Laramie 
and  Colorado  Group  is  well  shown  along  the  whole  face  of  the  bluffs  toward  the 
plains,  as  well  as  along  the  streams  issuing  upon  the  plain  from  the  area  of  the  Lara- 
mie rQcks. 

THE  LARAMIE  AREA. 

The  Laramie  Group  is  exposed  throughout  one  compact  area,  co-extensive  with  the 
rolling  region  lying  east  from  the  Cnlebra  and  Cimarron  Ranges,  between  them  and  the 
plains.  In  the  northern  part  of  the  district  this  area  is  carried  eastward  to  beyond 
Trinidad  by  the  Raton  Plateau,  whose  basalt  cap  has  preserved  the  Laramie  rocks  from 
erosion,  so  that  they  extend  as  far  east  as,  say,  four  miles  beyond  Manco  Burro  Pass. 
But  the  eastward  rise  of  the  rocks  makes  the  Laramie  section  very  thin  east  from  the 
line  of  Raton  Pass.  No  Laramie  exists  in  the  plains  north  or  south  from  the  Raton 
Plateau,  and  the  final  eastern  outcrop  is  at  nearly  2,000  feet  above  those  plains  imme- 
diately north  from  Manco  Burro  Pass.  The  portion  of  the  area  falling  within  the  dis- 
trict is  not  far  from  1,800  s(|uare  miles ;  the  area  extends  north  beyond  the  district  to 
Cucharas  Creek,  but  tapers  in  that  direction,  so  that  the  whole  extent  is  not  more  than 
^,200  square  miles. 

This  area  is  cut  by  many  caflons,  of  which  those  made  by  the  Purgatory  River,  Ver- 
mejo, Cimarron,  and  Ponil  Creeks  cross  the  whole  area,  while  Dillon's  Canon  and  that  of 
the  Upper  Canadian,  of  Crow  Creek,  and  some  others  expose  the  whole  section  of  the 
LaramiaGronp.  Sections  were  made  in  nearly  all  of  the  canons  opening  upon  tlie  plains 
as  well  as  in  many  minor  caflons  opening  into  those  through  which  the  larger  streams 
flow.  The  process  of  tying  together  fragmentary  sections  is  far  from  being  simple,  for 
no  limestones  exist  which  may  be  used  as  horizons,  and  the  sandstones  so  closely 
resemble  each  other  that  they  cannot  be  used  as  more  than  merely  local  guides.  The 
detailed  sections  obtained  during  the  season  will  be  given  in  the  final  report,  though 
it  may  be  thought  best  not  to  encumber  that  report  with  any  sections  except  sach  as 
give  direct  information  respecting  the  succession  of  the  beds.    These  indicate  but  a 
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Hmall  amount  of  the  physical  labor  performed  in  aecoriDg  material  for  a  generalized 
BectioD  of  the  group.    This  section  is  as  follows : 

Section  of  Laramie  Group. 

1.  Sandstones  and  shales 440^ 

2.  CoalbediZ) Blossom. 

3.  Sandstone  and  shale 77' 

4.  Coal  bed (T) Blossom. 

5.  Sandstone  and  shale 75' 

6.  Coal  bedCX') 2' 

7.  Shale  and  sandstone *. 45' 

8.  Coal  bed  (X) 4' 

9.  Sandstone  and  shale 2C' 

10.  Coal  bed{W) 6' to  4" 

11.  Sandstone  and  shale 47' to  70' 

12.  Coal  bed  (V) 4' to  10" 

13.  Sandstone  and  shale 30' to  36' 

14.  Canadian  coal  bed  (U) 6'to4" 

15.  Sandstone  and  shale ^e'toSO* 

16.  Coalbed{T) 6'to'/6;' 

17.  Sandstone  and  shale 13' to  20* 

18.  Coal  bed  {S) 4' 3"  to  lO' 

19.  Shale  and  sandstone * ^,^ 

20.  Coalbed  (7?') V j^, 

21.  Shale  and  sandstone 2.V  to^^r 

22.  Caliente  coal  bed  (li) 1^' ^<^^^' 

2.3.  Sandstone  and  shale 3U'toi^ir 

24.  Jiaton  coal  bed  {Q) '^' ^.^--^ 

25.  Sandstone  and  shale ^^i 

26.  Coal  bed  (P) 2' 6"  to^^ 

27.  Sandstone  and  shale 40' t6  ^^, 

28.  Coal  bed  (O)  ..:•. 1      _: 

29.  Sandstone  and  shale c^^^ 

30.  Coalbedf^X) 

31.  Sandstone  and  shale 33'  to^*""^ 

32.  Cameron  coal  bed  {M) 33' to 

33.  Sandstone  and  shale 22'  to'^i^* 

.34.  Coal  bed  {L) 1' to 

35.  Sandstone  and  shale 64'  to^' 

36.  Coal  bed  (&') 

37.  Sandstone  and  shale ^ rr 

38.  Coalbed{J') 

39.  Sandstone  and  shale 44' to 

40.  Long's  Canon  coal  bed  {J) 8' 

41.  Sandstone  and  shale 45'  to 

42.  Coal  bed  (I) 2' 6"  to 

43.  Sandstone  and  shale 

44.  Coal  bed  (H') 

45.  Sandstone  and  shale 50' to 

46.  Cat's  Claw  Canon  coalbed  {H) 5' 

47.  Sandstone  and  shale 90'tor 

48.  Upper  Vermejo  coal  bed  (O) 2' 

49.  Sandstone  and  shale 60' to  1 

50.  Lower  Termejo  coal  bed  (F) y  t— — ^ 

51.  Shale 

52.  Coal  bed  {K") 

53.  Shale  and  sandstone J 

.54.  Coalbed  (E') ( 

.55.  Shale  and  sandstone 2 

56.   Upper  lieiUy  coal  bed  {E) 7' 8"  •■■o  2 

,57.  Sandstone  and  shale 18'  t —     ^Sl 

58.  Lower  lieilhj  coal  bed  (D) 6'  ^^^o  2"' 

.59.  Sandstone  and  shale 12'  ^c^-o  54' 

60.  Willow  Creek  coal  bed  {C) 3' 6"        to  1' 

61.  Sandstone  and  shale 76'  t^=>  100' 

62.  Trinidad  coalbed  {Ji) 16' 6'-^     to  U 

63.  Sandstone  and  shale 20^  -tro  45' 

64.  Dillon  coal  bed  (A) 16'  6'^    to U 

(K>.  Shale r   tcJO' 

06.  Haljmenites  sandstone 50'  to  (iff' 

67.  Shale  and  sandstone 7%' 
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The  total  thickness  of  this  groop  is  not  far  from  1,800  feet.  The  intervals  between 
the  coal  beds  vary  greatly  and  the  beds  themselves  are  subject  to  sadden  and  ansatis- 
factory  variatioDs  both  in  thickness  and  character.  Some  variations  in  the  intervals 
may  be  foand  inexact,  as  aneroid  barometers  do  not  always  act  with  absolute  accu- 
racy, but  the  most  noteworthy  variations  occur  within  short  distances  and  under  cir- 
camstances  which  render  error  in  identification  of  the  beds  almost  impassible.  Details 
respecting  the  several  beds  will  be  given  in  my  report  in  the  chapters  devoted  to  local 
geology.  It  is  necessary  therefore  to  give  in  this  place  only  a  few  notes  respecting  the 
nore  important  members  of  the  series. 

The  Dillon  codl  bed  (J)  is  best  shown  on  Dillon  V  Canon,  a  tributary  to  the  Canadian, 
rhere  the  bed  has  been  worked.    At  one  exposure  in  this  cailon  the  bed  shows — 

Co€il,  A"  ;  shale,  20"  ;  carb.  shale.  U')"  ;  coaly  14"  clay,  1"  ;  coal,  3'  4". 

Thus  giving  4'  6"  of  coal  in  one  available  bench.  At  another  exposure  the  same  bed 
hows  two  benches  of  coal,  but  the  coal,  though  greater  iu  quantity,  is  not  so  advau- 
a^eously  disposed  as  the  other  exposure.  This  bed  is  thoroughly  persistent  as  a  large 
^d,  though  it  is  not  unfrequently  worthless  and  degenerates  into  carbonaceous  shale. 

The  Trinidad  coal  bed  attains  its  greatest  importance  in  the  neighborhood  of  Trini- 
ad.  Col.,  where  it  is  mined  by  the  Denver  and  Rio  Grande  Railway  Company  for 
lupinent  and  by  others  for  local  use.  It  has  been  opened  near  Raton  Pass,  directly 
LDder  the  Raton  anticlinal,  by  the  Scandinavian  Company,  for  shipment.  At  Trinidad 
t  shows  seven  divisions  of  coal  and  shale  or  clay,  with  a  total  thickness  of  somewhat 
Qore  than  19  feet.  But  the  refuse  layers  thicken  rapidly  southwacd,  so  that,  at  an 
txposare,  say  three  miles  from  Trinidad,  the  same  seven  divisions  are  shown,  but  the 
hickness  has  increased  to  54'  8",  while  at  the  Scandinavian  Company's  mines  the  thick- 
less  is  66'  6".  The  important  part  of  the  bed  is  the  fiftb  division,  which  shows  5'  5"  of 
;oal  at  the  Rio  Grande  mines,  6'  at  the  exposure  on  Raton  Creek,  and  9'  6"  at  the  8can- 
linavian  Company's  mines.  The  other  benches  of  coal  show  a  similar  thickening,  and 
^he  total  of  coal  in  the  several  measurements  is  7',  6'  10",  10'  10",  and  19'  6",  the  last 
>eiog  at  the  mines  of  the  Scandinavian  Company. 

The  coal  from  this  bed  is  excellent  for  gas  making,  and  it  is  shipped  for  that  purpose 
DO  the  large  cities  of  Colorado.  The  **  slack  "  is  coked  near  Trinidad  in  beehive  ovens, 
uid  the  coke  finds  a  ready  market  in  the  mining  regions  of  Colorado,  where  it  has  dis- 
placed that  from  Connellsville,  Pa. 

Of  the  other  coal  beds,  those  lettered  D,  £,  F,  J,  M,  Q,  R,  and  U  are  locally  impor- 
tant, but  their  variations  are  so  great  that  they  need  not  be  discussed  here.  The  vari- 
ations in  gross  thickness  are  due  in  many  cases  to  thickening  of  the  refuse  layers. 

The  sandstones  of  the  group  are  usually  fine-grained,  yellowish  gray  and  massive, 
bat  these,  like  the  coal  beds,  are  liable  to  great  variations,  and  only  those  overlying 
coal  bed9  F,  G,  H,  with  those  at  the  top  and  base  of  the  series,  can  be  regarded  as  alto- 

?;ether  persistent.  Irregular  layers  of  limestone  occur  in  several  of  the  sandstones  as 
ar  up  in  the  section  as  the  Long's  Canon  coal  bed.  In  these  the  rock  is  blue  on  fresh 
surface,  but,  being  ferruginous,  weathers  yellow.  No  animal  remains  were  observed  in 
the  hiffber  rocks,  aside  from  indistinct  impressions  of  a  cardium,  apparently  the  same 
with  the  one  which  occurs  in  the  Ualymenites  sandstone  at  the  base  of  the  group.  But 
in  all  the  flaggy  layers  of  the  sandstones  impressions  of  leaves  are  numerous. 

The  Halymenites  sandstone  is  so  named  because  it  is  characterized  by  great  abund- 
ance of  HalymeniteH  majors  a  f^^ssil  not  found  higher  up  in  the  series  at  any  but  one 
locality.  The  sandstone  is  gray  to  yellowish  gray,  moderately  coarse  in  grain,  hold- 
ing some  pockets  of  conglomerate,  and  every  where,  except  in  Dillon's  Cafkon,  showing 
vast  numbers  of  the  nodose  fucoid,  from  which  I  have  given  the  name.  It  passes 
downward  into  the  brownish  shales  and  sandstones,  which  in  turn  merge  almost  im- 
perceptibly into  the  shales  of  the  Fort  Pierre  Group  below. 

TERTIARY  AND  QUATERNARY   AREAS. 

The  distinction  between  the  Tertiary  and  the  Quatenary  has  not  been  determined 
for  this  district,  and  much  work  still  remains  to  be  done  before  I'can  assert  what 
should  be  regarded  as  Tertiary  and  what  should  be  classed  as  Quatenary. 

On  the  Canadian  plains  and  on  the  mesas  within  the  area  of  the  Mora  River,  one 
frequently  sees  a  chalky  marl'  immediately  underlying  the  thin  recent  deposit  cover- 
ing the  plains.  This  has  a  travertin-like  structure  and,  as  far  as  ascertained,  contains 
Do  fossils.  It  occupies  depressions  in  the  Dakota  sandstone  ;  at  least,  it  was  observed 
only  under  such  circumstances  at  the  south,  but  it  is  present  over  a  so  great  extent  of 
country  that  its  existence  cannot  be  due  to  any  merely  local  causes.  A  similar  tufa- 
ceous  deposit  occurs  along  the  South  Platte  River  as  far  as  Greeley,  where  it  underlies 
the  superficial  deposit  as  it  does  between  the  Mora  and  the  Canadian  Rivers.  It  is 
hoped  that  during  the  coming  season  the  real  relation  of  this  limestone  to  the  Santa 
b^6  marls  will  be  ascertained. 

A  curious  conglomerate  occurs  along  the  west  face  of  the  Culebra  Range  from  Cos- 
tilla Creek  northward  to  beyond  Fort  Garland.  It  begins  at  the  plains  and  reaches 
^p  into  the  mountain  gorges,  forming  a  series  of  brownish-red  foot-hills,  rising  in  the 
Uigbest  to  10,600  feet  above  tide.    These  gravels  are  of  comparatively  recent  origin, 
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for  they  rest  on  basalt  which  flowed  over  the  region  at  a  very  late  period  in  the  Ter 
tiary ;  so  that  they  must  date  from  very  near  the  close  of  the  Tertiary  or  from  the 
hef^iuning  of  the  Quaternary. 

Further  sonth  along  the  range,  these  gravels  or  somewhat  similar  ones  were  ob- 
served  far  up  in  the  mountains  at  the  head  of  Ferdinand  Creek  and  along  the  variona 
forks  of  Frijole  Creek,  streams  flowing  to  the  Rio  Grande  through  Taos  Creek.  Along 
the  north  fork  of  Ferdinand  Creek  the  gravels  are  stratified  and  are  composed  wholly 
of  debris  from  volcanic  rocks,  including  even  the  latest  of  the  basalts.  Some  of  the 
layers  are  fine-grained,  while  others  are  conglomerate  with  great  pebbles.  On  the 
south  fork  of  Ferdinand  Creek,  as  well  as  on  the  forks  of  Frijole  Creek  and  on  Junta 
Creek  further  south,  the  ilehns  seems  to  contain  only  material  derived  from  the  Ar- 
chean  and  Carboniferous.  On  both  streams  the  accumulation  reaches  to  more  than 
9,000  feet  above  the  sea. 

By  some  geologists  these  gravels  have  been  referred  to  lake  deposits.  In  several 
localities  there  can  be  no  doubt  that  such  was  their  origin  ;  but  in  several  other  local- 
ities there  seems  to  be  almost  equal  certainty  that  they  owe  their  origin  to  some  other 
•agency.    This  question  will  be  carefully  examined  during  the  coming  season. 

THE   ERUPTIVE  AREAS. 

A  large  part  of  the  district  is  covered  by  rocks  of  igneous  origin,  and  a  collection 
was  made  which  illustrates  fairly  well  the  Varieties  observed. 

A  basalt  sheet  covers  the  Raton  Plateau,  and  reaches  down  into  the  valleys  within 
the  plateau,  as  well  as  into  the  plains  hundreds  of  feet  below  the  top  of  the  plateau. 
This  is  but  part  of  a  great  basaltic  area,  stretching  eastward  beyond  the  limits  of  the 
district. 

The  second  great  area  of  basalt  is  on  the  Ocate  mesa.  H  extends  southward  from 
the  canon  of  Rayado  Creek  almost  to  Fort  Union.  It  stretches  westward  from  the 
Canadian  plains  to  Coyote  Creek,  whose  valley  at  one  time  was  tilled  by  the  flow. 
Outliers  of  this  area  are  seen  in  the  Canadian  Hills. 

A  third  area  is  at  the  southern  extreuiitv  of  the  Turkey  Mountains,  near  Fort  Union. 
This  is  but  of  limited  extent,  and  includes  at  present  little  more  than  the  volcano  at 
the  edge  of  the  mountains.  But  a  stream  of  basalt  flowed  from  this  volcano  down  an 
arroyo  to- the  canon  of  the  Mora  River,  thence  along  the  cafion  to  its  junction  with  that 
of  the  Canadian  River,  and  backed  up  in  the  latter  canon  for  fully  three  miles. 

Much  of  this  basalt  issued  in  the  form  of  massive  ei-uptions.  Dikes  are  numerons 
in  the  Raton  area,  and  some  were  seen  west  from  Raton  Pass  in  the  Lignitio  area, 
many  of  thetn  occurring  as  sheets  iutercalat>ed  between  the  strata  of  the  Laramie 
Group.  But  not  all  of  the  basalt  Avas  p<mred  out  in  this  way.  Three  volcanic  cones 
remain  in  the  Raton  area,  on  the  Capulin  Vegas,  at  only  six  or  seven  miles  beyond  the 
eastern  edge  of  the  district.  They  are  known  as  the  "Mountains  with  Holes  in  the 
Top.''  A  volcano  existed  on  the  Ocate  mesa,  whose  cone  still  preserves  its  form.  Bat 
in  all  probability  only  a  small  part  of  the  basalt  covering  the  Ocate  mesa  and  filling 
np  most  of  the  old  valleys  within  that  space  issued  from  this  volcano.  It  is  altogether 
probable,  however,  that  the  Turkey  Mountain  volcano  was  the  source  of  most,  if  not 
all,  of  the  basalt  poured  ont  in  that  part  of  the  district,  for  no  traces  of  the  rock  exist 
except  in  direct  lines  of  flow  from  that  crater. 

Light  colored  lavas  of  earlier  date  prevail  in  the  mountainous  area,  though  a  great 
basalt  overflow  covers  much  of  the  western  shipe  of  Culebra  Range,  and  reaches  across 
the  Rio  Grande  Valley.  The  western  slope  of  the  Taos  Range,  as  far  as  could  be  ascer- 
tained during  a  hasty  examination  at  the  close  of  the  season,  is  covered  by  eruptive 
rocks,  basalts,  trachytes,  and  rhyolytes;  but  no  detailed  examinations  were  made 
there. 

Enormous  dikes  of  trachyte  were  seen  on  Costilla,  Comanche,  and  Moreno  Creeks. 
Patches  of  the  same  rock  were  observed  on  the  east  slope  of  the  Culebra  Range  near 
the  head  of  Vermejo  Creek,  and  a  small  patch  within  the  Laramie  area  stretches  from 
the  south  fork  of  the  Purgatory  River  to  Vermejo  Creek.  But  the  great  body  of  tra- 
chytic  rocks  centers  in  the  Old  Baldy  Mountains  at  the  headwaters  of  the  several 
streams  forming  Cimarron  Creek.  Two  great  dikes  are  shown  in  the  upper  canon  of 
that  creek.  The  overflow  from  these  forms  the  mass  of  Old  and  Little  Baldy  and 
covers  the  high  mountains  between  Ciman-on  and  Rayado  Creeks.  Many  dikes  extend 
northward  from  this  center  into  the  Laramie  area  and  into  the  narrow  park  following 
the  east  base  of  the  Culebra  Range.  Costilla  Peak  is  a  fragment  of  an  overflow  be- 
longing to  this  group,  as  also  is  Hare  Cone,  near  by. 

The  study  of  the  rock  collections  has  not  been  completed. 

SURFACE   li EULOGY. 

t 

Many  important  facts  have  been  gathered  with  reference  to  [the  surface  geology  of 
the  district ;  but  a  synopsis  of  theui  cannot  well  be  made,  and  I  must  defer  any  state- 
ment  respecting  them  .until  the  fall  discussion  can  be  given. 
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ECONOMIC  GEOLOGY. 

As  directed  by  you,  I  bave-made  carefnl  uotos  respectiDg  tbe  capabilities  of  the  region 
for  settlement,  iucluding  under  this  head  the  distribution  of  timber,  grazing  and  farm- 
ing land.    These  matters  will  be  discussed  in  the  final  report. 

No  important  mines  of  gold  or  silver  were  seen.  Fine  placer  gold  mines  exist  in  the 
Moreno  Valley,  and  quartz  mining  for  gold  has  been  carried  on  extensively  along  the 
east  side  of  Old  Baldy.  But  both  the  quartz  and  the  placer  mines  have  become  unim- 
portant, the  former  through  failure  of  the  ore  deposits  and  the  latter  through  failure 
of  the  water  supply. 

Abandonee^ quartz  mines  are  reported  as  occurring  on  Colorado  Creek,  but  no  ex- 
aminations could  be  made  there,  for  when  the  locality  was  reached,  the  rocks  were 
deeply  buried  under  snow,  and  the  season's  work  was  practically  closed. 

Appendix  K  (sub). 

preuminary  report  of  a  special  geological  party  operating  in  colorado  and 
new  mexico,  field  season  of  1879,  by  prof.  john  j.  stevenson,  assistant. 

University,  New  York  City, 

Angunt  15,  1879. 

Sir  :  I  desire  to  submit  the  following  supplementary  report : 

In  order  that  some  gaps  in  the  work  of  IBvH  might  be  filled,  a  party  was  prepared  for 
me  at  Fort  Garland,  which  entered  the  field  on  May  20, 1879,  and  was  disbanded  on  its 
arrival  at  Fort  Union  on  June  24.  Very  material  favors  were  received  at  Fort  Gar- 
land, Fort  Union,  and  Santa  F6,  whereby  the  brief  season  was  rendered  a  profitable 
one,  and  many  thanks  are  due  to  the  officers  at  those  posts. 

The  route  followetl  led  from  Fort  Garland  to  Fort  Union  by  way  of  the  Red  River 
Pass,  from  Fort  Union  to  Santa  F6  by  way  of  Galisteo,  and  thence  to  Fort  Union  by 
way  of  the  old  Santa  F6  trail  and  Las  Vegas. 

In  accordance  with  your  instructions,  the  economic  interests  of  the  region  were  care- 
fully studied,  and  these  will  be  fully  discnssed  in  the  final  report.  The  mines  of  the 
Placer  Mountains  and  of  Los  Cerillos,  both  in  the  vicinity  of  Galisteo  Creek,  were  vis- 
ited. The  former  are  now  as  thev  were  when  visited  by  Dr.  Wislizenus  thirtv  years 
ago,  and  very  little  work  isdone.  The  water  supply  is  uncertain,  andat  best  is  too  limited 
to  permit  the  mines  t«  become  of  great  importance.  The  latter  are  still  too  new  and 
undeveloped  to  permit  one  to  speak  positively  respecting  their  future.  At  the  same 
time  it  will  not  be  amiss  to  say  that  the  developments  thus  far  are  comparatively  in- 
significant and  by  no  means  such  as  the  newspaper  accounts  had  led  me  to  expect. 
The  indications  at  the  time  the  region  was  examined  were  quite  indifferent,  and  the 
old  Spanish  mines  were  far  from  being  so  extensive  as  the  ordinary  reports  allege. 

Detailed  examinations  were  made  to  ascertain  the  geologv  of  the  Galisteo  area, 
where  an  nnexpectedly  complicated  structure  was  discovered ;  but  it  is  hoped  that 
the  resnlt  of  this  investigation  will  be  to  remove  much  of  the  uncertainty  which  has 
prevailed  respecting  the  relations  of  the  groups. 

The  stndy  of  the  complicated  trough  TOtween  the  Cimarron  and  Mora  axes,  desig- 
nated in  the  report  as  the  Coyote  synclinal,  has  been  completed,  and  numerous  cross- 
sections  have  been  obtained,  which  will  serve  to  exhibit  its  pecnliar  features.  Addi- 
tional information  was  procured  which  will  lead  to  a  modification  of  the  views  ex- 
pressed in  the  report  respecting  the  extent  of  the  Cimarron  anticlinal.  The  general 
stractare  of  the  mountain  area  has  been  worked  out  and  the  relations  of  the  axes  are 
clear. 

The  relations  of  a  huge  mass  of  rocks  underlying  the  Colorado  shales  and  consist- 
ing of  two  great  sandstone  groups  separated  by  a  group  of  shale  are  somewhat  ob- 
Bcure.  The  lower  and  the  middle  portions  have  been  regarded  as  Triassic  or  as  Jura- 
Trias  by  those  who  have  preceded  me  in  the  study  of  this  region ;  but  for  reasous  to 
be  given  in  the  final  report  it  may  be  best  for  the  present  at  least  to  include  the  whole 
series  in  one  and  to  apply  to  it  the  name  Dakotn.  The  group  may  be  divided  into  the 
Upper,  Middle,  and  Lower  Dakota,  and  for  the  present  it  may  be  regarded  as  belong- 
ing wholly  to  the  Cretaceous.  At  the  same  time  this  reference  to  the  Cretaceous  must 
be  regarded  as  provisional,  for  a  positive  reference  is  not  Justifiable  in  the  absence  of 
fossils  with  definite  relations. 

Unfortunately  time  did  not  permit  any  examination  of  the  west  slope  of  the  Santa 
F<S  Range,  and  the  western  ^imit  of  Arcbean  there  is  conjectural. 
Very  respectfully,  yours, 

J.  J.  Stevenson. 

Cdpt.  George  M.  Wheeler, 

In  charge* 
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Appendix  L. 

ornithological  report  from  observations  and  collections  made  in  portions 
of  california,  nevada,  and  oregon,  by  assistant  h.  w.  henshaw. 

United  States  Engineer  Office, 
Geographical  Surveys  West  of  the  IOOtu  Meridian, 

jrashivgton,  D,  C,  April  21, 1879. 

Sir  :  I  have  the  honor  to  transmit  the  following  report  npon  the  orniffhology  of  the 
regions  visited  by  me  during  the  field  seasons  of  1877  and  1878. 
Very  respectfully,  your  obedient  servant, 

H.  W.  Hexsiiaw. 

Capt.  George  M.  Wheeler,  U.  S.  A., 

Corjya  of  EngineerSf  in  charge. 


The  present  report  inclndes  an  enumeration  of  the  birds  met  with  dnring  the  field 
seasons  of  1877  and  1878  by  the  writer,  with  more  or  less  extended  notices  of  their 
habits,  relative  abundance  or  scarcity,  extent  of  habitat,  &c.,  &c.,  from  original  field- 
notes  and  observations.  To  but  a  limited  extent  has  it  been  thought  advisable  to  de- 
part from  the  rule  of  including  only  results  accruing  directlv  from  the  expedition,  and 
to  indicate  briefly  general  facts  respecting  the  distribution  of  species  elsewnere,  as  com- 
pared with  the  region  under  consideration.  In  the  instance  of  a  number  of  the  paz- 
zling  forms  met  with,  a  careful  study  has  been  made  of  their  relations  with  allied 
8i>ecies  and  the  results  included  in  the  present  connection ;  but  in  the  main  the  notes 
bear  directly  upon  the  area  included  in  the  examinations  of  the  survey  for  the  time 
specified.  .r;;: 

In  1877,  field-work  in  connection  with  Party  No.  1,  California  Section,  extended  from 
the  12th  of  May  to  the  1st  of  October.  The  following  year  and  with  the  same  party, 
the  interval  between  July  18  and  October  1  constituted  the  field  season.  Unfortu- 
nately in  the  latter  year  work  began  at  so  late  date  that  the  much  desired  opportunity 
was  lost  of  presenting  in  the  present  report  a  full  account  of  the  very  considerable 
number  ol  species  inhabiting  this  region,  of  whose  nesting  habits  little  or  nothing  is 
known.  The  notes  therefore  that  bear  npon  this  part  of  the  birds'  histories  were  ob- 
tained dnring  the  early  portion  of  but  a  single  season. 

The  routes  followed  during  the  two  years  amounted  practically  to  a  continuous  line 
from  Carson,  near  the  western  border  of  Nevada  and  a  little  south  of  the  Central  Pa- 
cific Railroad,  to  The  Dalles,  on  the  Columbia  River.  A  considerable  portion  of  the 
time  was  spent  in  the  mountains,  but  more  in  the  valleys  and  on  the  plains  that  lie 
at  their  eastern  bases.  Thns  opportunity  was  had,  so  far  as  the  necessities  of  the 
topographical  parties  to  which  the  writer  has  usually  been  attached  would  permit, 
to  make  a  comparative  study  of  the  birds  of  the  several  sections  entered.  Taken  in 
connection  with  what  has  hitherto  been  accomplished  in  the  same  region,  and  espec- 
ially with  the  very  valuable  report  of  Dr.  J.  C.  Newberry,  made  in  1855,  it  is  thought 
that  the  avifauna  of  the  eastern  slope,  in  its  general  features,  may  be  considered  as 
pretty  well  made  out.  Perhaps  a  brief  glance  at  the  area  covered  in  the  present  report, 
m  its  relations  to  contiguous  regions,  may  be  of  interest. 

The  Sierra  Nevada  of  California,  in  its  entire  length,  and  the  Cascade  Mountains  of 
Oregon  form  essentially  a  continuous  chain  of  peaks,  which  constitutes  the  first  real 
obstocle  to  the  extension  of  animals  and  plants  to  the  westward  that  is  encountered 
after  the  main  chain  of  the  Rocky  Mountains,  the  '*  backbone"  of  the  continent,  Las 
been  passed.  So  far,  at  least,  as  the  extension  of  birds  is  concerned,  it  appears  to  be 
an  extremely  effectual  one,  and  the  rocky  barrier  thus  constituted  may  be  taken  as 
limiting  with  precision  the  Middle  Fannal  Province.  . 

Attention  has  elsewbere^*  been  called  to  the  fact  that  the  influence  of  the  Pacific 
province  is  visible  in  the  birds  of  the  eastern  slope,  and  the  conclusion  drawn  from  a 
study  of  its  avian  life,  that,  while  by  no  means  a  typical  portion  of  that  province,  it  is 
yet  sufficiently  dashed  by  Pacific  province  forms  as  to  more  properly  be  included  in 
that  zoological  division  rather  than  with  the  middle  region.  The  numter  of  species 
and  varieties  of  birds  typically  representing  the  Pacific  province  that  are  found  aloDg 
the  eastern  slope  is  not  very  great,  since,  ot  course,  they  are  limited  to  mountain-iD- 
habitiug  forms  that  constitute  but  a  small  proportion  of  the  aggregate  number  be- 
longing thereto.  On  the  other  hand  I  know  of  but  four  species  strictlv  attributable  to 
the  middle  region  that  reach  into  the  mountains  of  the  eastern  slope,  viz,  Tardus  pallasi 
auduboiiif  Carpodacus  cassinif  Pica  melanoleuca  hudsonicay  and  Tetrao  obscurus.    That  the 
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shoald  be  so  small  seems  at  first  thoaght  strange,  when  it  is  remembered  that 
elevations  jast  east  of  the  mountains  are  nnmistakably  middle  province  in  the 
r  of  their  avifauna, 
reference  to  the  geological  structure  of  the  Deschutes  Basin  and  other  areas 

of  the  Sierra  and  Cascade  Ranges,  Dr.  Newberry  affirms  their  intimate  con- 
Bv^ith  the  Rocky  Mountain  Desert;  nor  in  considering  the  flora  and  fauna  of 
)a8  does  he  fail  to  note  many  examples  that  serve  to  indicate  their  closer  affin- 
e  Rocky  Mountain  region  than  to  the  Pacific. 

case  of  birds  the  physical  obstacles  to  be  surmounted,  formed  by  the  hiffh 
n  crests,  although  doubtless  not  without  effect,  have  probablv  far  less  to  do 
>  absolute  limitation  of  species  than  has  the  check  6ffered  by  the  conditions  of 
jt  climate,  with  the  consequent  change  in  plant  and  insect  life  which  this  im- 
'he  region  west  of  the  mountains  has  a  large  mean  annual  rainfall,  the  effect 
1  upon  plant  and  animal  life  is  further  maintained  during  the  dry  season  by 
ssion  of  moisture  from  the  ocean ;  but  the  moisture-laden  winds  are  finally 
s  they  pass  eastward  over  the  summits  of  the  mountains,  and  they  reach  the  dis- 
erior  dry  and  without  life-giving  power.  As  a  consequence,  and  in  connec- 
h  its  volcanic  character,  the  interior  plateau  country,  almost  rainless  during 
ner,  is,  for  the  most  part,  dry  and  barren  in  the  extreme.  The  oases,  in  fact, 
eneral  desert  are  limited  to  the  areas  which,  through  geological  disturbances, 
en  uplifted  to  a  safficieut  height  to  intercept  cloud  moisture;  and,  in  addi- 

banks  of  the  streams,  which  atford  restricted  ground  for  the  growth  of  vegeta- 
l  through  it  a  home  for  animal  life.  With  tbe  above  well-defined  differences 
te.it  is  not  surprising  that  a  corresponding  change  in  the  flora  and  fauna  of 
regions  is  observable. 

igh,  as  stated,  the  Sierra  and  Cascade  Ranges  present  in  the  main  a  continuous 
s  continuity  is  interrupted  in  several  places,  the  Columbia,  the  Klamath,  and 
Rivers  breaking  through  its  wall  in  their  progress  to  the  Pacific.  Nevertheless, 
ence  of  tbe  natural  passes  thus  afforded  does  not  appear  to  have  a  marked 
»on  the  distribution  of  birds  and  mammals,  if,  indeed,  it  is  to  be  detected  at  all. 
rowness  of  their  cafions,  flanked  as  they  are  in  the  case  of  the  Columbia  by 
ly  dense  coniferous  woods,  and  of  the  others  by  an  inhospitable  desert-like 

would  probably  have  an  eflect  in  preventing  tbe  passage  of  species  back  and 
ere  there  no  other  existing  cause.    But,  as  remarked  before,  probably  the  main 

is  to  be  found  in  the  different  climates  of  tbe  two  regions.  Those  species 
:ed  to  the  warmer,  more  equable,  and  moist  climate  of  the  Pacific  side,  and  to 
y  covered  with  profuse  vegetation,  would  naturally  be  repelled  by  the  harsher 
and  dry,  desolate  country  to  the  eastward;  while  such  as  are  inured  to  the 
•nditions  would  find  the  former  equally  unattractive.  As  further  evidence  that 
)fly  the  climate  and  the  conditions  resulting  therefrom  that  limit  the  range  of 
d  not  the  mere  physical  barriers  offered  by  mountain  chains,  it  may  be  remarked 
Qo  means  the  same  amonnt  of  difference  is  to  be  observed  between  the  birds  of 
ms  that  lie  contiguous  to  the  eastern  and  western  slopes  of  the  Rocky  Mountains 
o  be  noted  here.  And  we  may  safely  infer  that  the  very  marked  faunal  simi- 
'  the  latter  sections  is  largely  due  to  the  corresponding  similarity  of  climates, 
cy  Mountains  appearing  to  ^ave  little  or  no  effect  in  limiting  the  range  of 
d  mammals. 

sgion  possessing  the  forbidding  aspect  of  that  to  tue  east  of  the  Sierras,  it 
e  inferred  that  the  sum  total  of  bird  life  would  be  rather  small.  In  general, 
lie;  but  along  the  streams  there  is  usuallv  to  be  noticed  a  rather  marked  con- 
>n  of  species,  while  in  some  favored  locaiities  the  number  also  of  individuals 
The  mountainous  districts,  with  their  heavy  growth  of  conifers  and  decidu- 
bs,  as  well  as  their  profusion  of  annual  plants,  which  up  to  a  certain  limit  ac- 
J  the  increased  amount  of  rainfall,  form  the  home  of  numerous  species  not 
sewhere.  In  fact,  the  more  favorable  localities  in  the  mountains  form  the  best 
ig  grounds  for  the  naturalist. 

ewhat  special  type  of  country  was  entered  during  the  past  se'kson  in  the  Des- 
tiver  region,  the  general  watershed  of  which  stream  has  elsewhere  been  termed 
schutes  Basin/'  As  it  is  peculiar  in  some  of  its  aspects,  this  region  merits  brief 
.  With  a  general  elevation  of  about  4,000  feet  above  sea-level,  much  of  this  area 
»dby  a  uniform  growth  of  the  yellow  pine  ('/'iHM«/iowrfc;o«aj,  which  appears  to 
onderfully  well  in  the  light  soil  of  pulverized  pumice.  From  the  fact  that  the 
pply  is  extremely  limited  and  occurs  for  the  most  part  only  as  small  springs  or 
-holes,  very  few  shrubs  and  plants  are  able  to  maintain  existence,  and  a  hard v 
^rass  alone  covers  the  soil  with  a  scanty  growth.    So  far  as  birds  are  concerned, 

be  difficult  to  realize  a  more  complete  type  of  desert  than  is  here  presented. 
}  in  succession,  I  have  ridden  through  these  forests,  the  mules  each  step  sink- 
re  the  fetlock  in  the  treacherous  dust,  which,  rising  in  clouds,  marked  the 

the  party  as  by  a  column  of  smoke,  scarcely  seeing  or  hearing  a  bird.  The 
9  of  a  woodpecker  or  nuthatch,  or  the  chirpings  of  a  few  venturesome  snow- 
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•  • 

'birdSy  aloDe  broke  the  silence  of  the  woods.  Even  along  the  banks  of  the  Deschutes 
there  was  noticeable  at  the  time  of  my  visits  in  Septemoer,  a  remarkable  poverty  of 
birds.  This  I  attributed,  in  the  lack  of  other  apparent  causes,  to  the  fact  that  the 
shrubbery  of  its  banks  consisted  only  of  willows,  while  a  heavy  growth  of  coarse  graw 
replaced  the  bright  flowers  and  varied  vegetation  of  higher  altitudes. 

Notable  as  are  these  forest  deserts  for  absence  of  bird-life,  they  yet  form  the  home 
for  thousands  of  mule-deer  and  antelope.  The  former,  although  generally  dispersed, 
center  in  greater  numbers  in  certain  spots,  which  are  regulated  probably  by  their  ac- 
cessibility to  water,  and  not  a  day  passed  without  many  oeing  started  by  our  train. 

The  mule-deer,  as  nearly  as  we  could  learn,  reaches  only  into  the  mountains  of  the 
eastern  slope,  and  does  not  pass  the  summit ;  a  somewhat  singular  fact  in  regard  U> 
its  distribution,  since  it  reacnes  quite  to  the  coast  in  the  region  south  of  San  Francisco. 
To  the  west,  in  Northern  California  and  Oregon,  it  is  replaced  by  the  Pacific  black-tailed 
deer  (C  columhiantis).  This  animal,  while  in  the  main  confined  to  the  region  west  of 
the  mountains,  was  ascertained  to  cross  the  range  at  a  number  of  points  and  inhabit 
the  same  sections  as  the  C.  macroiis.  This,  however,  is  the  exception  rather  than  the 
rule,  the  eastern  slope,  as  a  rule,  appearing  to  be  free  from  its  presence. 

Along  the  Dechutes  River  we  met  with  the  white-tailed  deer,  the  so-called  C  leu- 
ouru8.  In  comparison  with  the  mule-deer  it  was  not  numerous,  and  its  range  appeared 
to  be  confined  to  the  river-bottom  and  to  the  forest  closely  adjacent. 

The  antelope,  tvpically  an  animal  of  the  open  grassy  plains,  concentrates  more  in 
the  "deadenings,'^ which  are  often  of  many  hundred  acres  in  extent,  or  live  in  the  sec- 
tions where  the  pines  dwindle  away  and  are  replaced  by  a  growth  of  cedar.  Still, 
they  were  not  infrequently  met  with  in  the  pine  woods,  their  haunts  here  thus  for- 
nishing  a  strong  contrast  to  the  usual  home  of  the  species  further  east. 

In  connection  with  my  work,  my  grateful  thanks  are  due  for  the  many  conrtesie» 
and  very  material  assistance  rendered  by  my  friend  Mr.  H.  G.  Parker,  of  Carson,  Ne^. 
I  am  also  greatly  indebted  to  Maj.  J.  M.  Norvall,  at  the  time  of  my  visit  in  command 
of  Camp  Bid  well,  for  the  generous  hospitality  received  at  his  hands.  During  my  stay 
with  him  every  possible  aid  to  my  investigations  was  freely  extended.  I  would  alflo 
gratefully  mention  the  aid  received  from  my  friend  Mr.  Robert  Rid^way,  of  the  Smith- 
sonian Institution,  in  the  shape  of  facilities  extended  in  connection  with  the  stndy 
of  specimens,  as  also  for  many  valuable  suggestions. 

TURDID-rE— Thrushes. 

TuRDUS  Liunteus. 

T,  mi{fvatonue  propinquus  Ridgw.    Western  Robin. 

This  variety  of  the  common  robin  is  found  throughout  this  whole  region  as  a  som- 
mer  visitant,  and  is  more  or  less  abundant  according  to  special  locality.  In  Nevada, 
the  bulk  of  individuals  arrive  from  the  south  in  March,  and  spend  the  early  spring  in 
the  low  and  sheltered  valleys.  As  summer  advances  they  make  their  way  higher  and 
higher  up  on  the  mountain  sides,  where  they  inhabit  preferably  the  aspen  groves.  The 
species  begins  to  lay  in  the  neighborhood  of  Carson  about  the  middle  of  May.  A  con- 
siderable number  of  pairs  rear  their  first  broods  here  and  in  other  similar  low  valleys. 
But  as  soon  as  the  young  are  on  the  wing  all  withdraw,  apparently  to  the  mountains, 
and  by  July,  when  the  lowlands  are  dry  and  parched,  the  sight  of  a  robin  is  extremely 
unusual. 

Robins  were  fairly  numerous  in  Oregon,  along  the  Columbia  River,  during  the  last 
of  October,  and  a  few  doubtless  winter  even  at  this  high  latitude. 

T.  n(eviu8  Gm.    Varied  Thrush ;  Oregon  Thrush. 

This  fine  thrush  is  chiefly  known  to  us  as  it  occurs  daring  fall  and  winter  at  points 
far  south  of  its  summer  home.  Apparently  its  breeding  range  is  wholly  confined  to  the 
regions  west  of  the  Cascade,  and  perhaps  the  northern  Sierra  ranges,  from  a  noint 
somewhere  about  the  Columbia  River  northward.  Even  in  October  I  saw  but  a  single 
individual  at  The  Dalles,  while  a  day's  march  down  the  Columbia  toward  the  west 
slope  of  the  Cascades  brought  mo  to  where  the  species  was  very  numerous. 

From  my  friend  Mr.  H.  G.  Parker  I  have  information  of  the  occurrence  of  this  thrush 
near  Reno,  in  Western  Nevada,  jast  at  the  base  of  the  Sierras,  thus  confirming  its  sap- 
posed  presence  here,  as  mentioned  in  a  previous  report  (1877).  Very  large  numl)ers 
made  their  appearance  in  this  neighborhood  about  February  1,  probably  from  the 
mountains  to  the  westward,  and  remained  till  into  March.  Doubtless  this  is  pot  an 
unusual  event  in  the  history  of  this  species,  and  we  may  consider  Its  winter  habitat  as 
including  the  main  chain  of  the  Sierras  on  either  slope. 

The  four  instances  known  of  the  occurrence  of  the  varied  thrush  along  the  eastern 
coast  must  be  looked  upon  as  wholly  exceptionable,  especially  as  no  cases  are  on  record 
of  its  appearance  even  in  the  remoter  western  States  to  the  east  of  the  Sierras. 
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. — ^As  the  result  of  my  own  observations  I  can  add  but  few  details  respecting 
its  of  the  varied  thrush.  lu  the  fall  it  is  not  a  bird  of  the  open,  but  ap- 
'  pass  most  of  the  time  in  the  dense  evergreen  woods,  where  it  obtains 
longst  the  low  shrubbery  various  kinds  of  berries,  which  evidently  form  its 
re  at  this  season.  Under  my  observation  it  bore  out  its  ascribed  character 
I  a  rather  shy  and  suspicious  bird,  and  it  was  only  upon  occasions  that  I 
$d  in  pushing  my  acquaintanceship  to  close  quarters.  While  making  my 
Qg  the  innumerable  old  wood-roads  and  tangled  bridle-paths  that  intersect 
riee  in  all  directions — relics  of  the  woodchopper  and  lumberman — unsuspected, 
ntly  came  upon  small  flocks  of  these  thrushes.  The  alarm-note  is  a  single 
ck,  frequently  repeated,  and  is  very  similar  to  that  of  the  small  olive- backed 
^  but  much  louder.  A.  very  few  moments  upon  such  occasions  sufficed  to 
band  dispersed  in  alarm,  and  each  seeking  a  safe  position  towards  the  tops 
ill,  thick  firs  and  spruces,  in  which  they  invariably  took  shelter.  Altogether 
much  in  the  habits  and  notes  of  the  species  that  is  suggestive  of  the  smaller 
B  of  the  genus,  and  it  certainly  resembles  them  in  more  particulars  than  does 
n.  Still  its  size,  its  gregarious  disposition,  and  its  partiality  for  bei^ries,  nat- 
Ause  it  to  be  associated  in  thought  with  the  robin. 

many  nests  in  the  crotches  of  the  small  firs  and  upon  brushy  saplings  that, 
isual  notioe,  much  resembled  the  usual  structure  of  the  robin,  but  some  of 
rere  probably  constrnct'ed  by  the  varied  thrush.  Not  recalling  to  mind  at  the 
w  readily  identifiable  the  nest  of  this  species  is— constructed  without  mud— I 
'4  to  examine  these  structures  critically.  That  more  or  less  remain  to  breed  iu 
te  forests  along  the  Columbia  seems  in  the  highest  degree  probable,  and,  in  fact^ 
farmed  by  lumbermen  that  both  "  robins  "  remainea  all  summer. 

H  auduhoni  (Baird).    Audubon^s  Hermit  Thrush : 

ff  the  past  summer  the  important  fact  was  ascertained  that  this  form  of  th» 
ihrnsh,  instead  of  beins  strictly  limited  to  the  Rocky  Mountains,  as  has  hith- 
n  assumed,  erosses  the  basin  and  breeds  along  the  eastern  slope  of  the  Sierras, 
the  summer  of  1877  I  heard,  in  several  of  the  subalpine  valleys  of  Northeastern 
lia,  what  were  without  doubt  the  Audubon's  thrushes,  but  failed  to  secaie 
OS.  Here  they  were  evidently  not  very  numerous;  but  in  the  moaotains  back 
»  Bid  well,  the  succeeding  season,  the  same  thrnsh  was  heard,  and  this  time  was 
X)rily  identified  by  shooting  the  bird.  They  were  here  very  abundant,  and  at 
8,  July  19,  the  pine  woods  were  filled  by  the  sweet  musio  of  Uie  males. 

ei  guttatus  Pall.    Dwarf  Hermit  Thrush. 

warf  thrush  appears  to  occur  along  the  eas^m  slope,  as  it  does  in  the  Rocky 
ins,  onlv  as  a  migrant,  and  as  sach  perhaps  only  in  the  fall.  By  the  last  of 
it  was  found  numerous  along  the  foot-hills  of  the  Cascade  Range  of  Oregon, 
ider  it  very  probable  that  the  southern  breeding  limit  of  this  form  willeventu- 
fonnd  to  include  the  mountains  of  Oregou,  upon  their  western  slope  ;  but  we 
facts  of  observation  to  fully  bear  out  such  a  conjecture. 

MYIADESTIN^— Fly-catching  Thrushes. 

Myiadestes  Swainson. 

• 
cnsendi  (And.).    Townsend's  Fly-catching  Thrush. 

jird  was  found  by  our  party  to  be  very  abundant  in  the  Deschutes  Basin  iu 
)er,  where,  too,  it  was  reported  by  Dr.  Newberry  in  1860.  In  fact,  I  have  never 
bird  congregated  in  such  numbers  over  so  wide  an  area  as  here.  In  fall  and  win- 
•pears  to  be  generally  dispersed  over  much  of  the  country  adjoining  the  eastern 
here  in  summer  it  appears  to  be  almost  entirely  absent.  During  the  summer 
I  saw  but  a  single  individual  in  the  mountains  of  Eastern  California,  although 
lition  of  this  individual,  a  male,  indicated  that  it  was  mated  and  breeding,  so 
is  to  be  presumed  that  the  multitudes  that  throng  here  in  fall  localize  them- 
I  some  favorable  section  during  the  breeding  period. 

realities  affected  by  them  in  Oregon  in  fall  are  almost  exactly  similar  to  their 
]  New  Mexico,  Utah,  &c.,  a  fact  which  sufficiently  establishes  their  natural 
tions.  It  is  as  desolate  a  type  of  country  as  one  can  well  imagine,  being  cov- 
iry  where  with  volcanic  debris,  which  is  thrown  up  in  the  shape  of  low  hills  or 
d  broadcast  over  the  general  expanse  as  though  the  unsightly  blocks  had 
lown.  Ravines  with  tbeir  rocky  ridges  scar  and  seam  the  country  in  every 
3,  while  an  almost  total  absence  of  vegetation,  except  in  the  shape  of  dwarf 
>T  stunted-  pifions,  renders  such  a  region  a  desert  indeed.  Of  such  a  nature  is 
itry  to  the  south  and  west  of  Prineville,  Oregon,  and  here  a  day^s  march  along 
I  revealed  many  hundreds  of  these  fly-catching  thrushes. 


2264        REPORT  OF  THE  CHIEF  OF  ENGINEERS. 

It  is  a  curioas  fact  in  the  history  of  this  species  that,  in  the  fall,  when  the  aeftMQo{ 
love,  which  is  supposed  to  directly  inspire  the  music  of  birds,  has  lon^  since  paawd, 
and  most  other  songsters  are  either  entirely  silent  or  their  songs  are  limited  to  \k 
first  rnde  practicings  of  the  yoiin^  males,  the  Townsand's  flycatcher  sboold  now- 
not  at  rare  intervals,  but  as  a  regular  habit — give  utterance  to  snatches  of  melodj 
that,  though  but  a  fraction  of  its  splendid  powers,  may  yet  challenge  the  nlnoit 
efforts  at  emulation  of  most  other  species.  And  I  am  by  no  means  sure  that  sach  mi- 
sical  rivalry  as  takes  place  at  this  time  among  the  males  does  not  owe  its  origin,  is 

Eart  at  least,  to  the  fading  embers  of  a  passion  not  yet  fully  spent.  At  all  erente,! 
ave  often  seen,  at  this  season,  two  males  in  eager  pursuit  of  a  companion — appAreath 
some  coy  female — that  led  them  an  eager  chase  for  five  or  ten  minutes  at  a  time,  io  i 
way  that  could  suggest  only  the  ardor  of  the  mating  season.  The  males  engaged  is 
such  a  chase  are  always  full  of  song,  which  pours  out  as  brilliant  snatches  andfng- 
ments  of  their  fuller,  more  perfect  symphonies  of  spring. 

Oroscoptes  Baird. 

0.  mon tan u«  (Towns.).    Sage-Thrasher. 

Nowhere  in  the  wide  region  inhabited  by  this  thrush  is  it  more  abundant  th&noQ 
the  sage>covered  hills  and  plains  of  Western  Nevada,  just  at  the  base  of  the  mooDt- 
ains  which  shut  off  the  western  extension  of  the  species. 

In  a  climate  like  that  of  Nevada,  where  the  transition  period  from  spring  to  sum- 
mer is  never  very  well  marked,  and  summer  is  at  baud  almont  as  soon  as  the  snow  dlv 
appears,  there  are  always  to  be  observed  great  irregularities  in  the  time  of  nesting  of 
the  birds.    This  is  as  true  of  the  smaller  as  of  the  larger  species.    Thus,  taking  the 

E resent  bird  as  an  example,  the  30th  of  May  appears  to  be  just  about  the  height  of  iU 
reeding  season.  Although  at  this  time  not  a  few  pairs  were  feeding  fall  broodi. 
yet  the  majority  of  the  nests  contained  fresh  eggs,  while  some  dilatory  couples  hsd 
but  just  brought  their  homes  to  completion.  There  was  thus  to  be  noted  a  difference 
of  fully  six  weeks  between  the  earliest  and  latest  periods  of  deposition  of  the  first 
clutches  of  eggs. 

As  the  eye  passes  over  the  sage  plains  of  the  far  West  it  finds  a  broad,  slightly  nn- 
dulatory  expanse,  covered  everywhere  with  the  characteristic  sage-brash  and  present- 
ing to  the  sight  no  breaks  in  its  apparently  smooth  surface.  In  reality,  however,  the 
plains  are  very  far  from  being  level,  and  it  needs  but  a  short  walk  in  any  direction  to 
reveal  the  presence  of  unsuspected  little  valleys  and  ravines,  their  boundaries  traced 
on  either  side  by  more  or  less  abrupt  rock;  ridges.  It  is  along  the  crests  and  sides  of 
^ust  such  ridges  that  the  sage-thrasher  is  most  at  home,  and  in  the  vernal  seiison,  at 
intervals  of  every  few  hundred  yards,  the  males  may  be  heard  pouring  out  at  all  times 
of  day  their  delightfully  melodious  strains.  In  the  presence  of  its  humble  associates, 
the  Bell's  finch  and  Brewer's  sparrow,  which  alone  share  its  desolate  surroundings,  oai 
thrush  finds  no  rivalry  to  stimulate  its  efforts ;  but, unmindful  of  this,  it  sings  on, finding, 
perhaps,  its  reward  in  the  satisfaction  born  of  its  own  powers  or  the  delight  itsstraios 
carry  to  the  heart  of  its  silent  brooding  mate.  Its  song,  though  not  possessed  of  great 
variety,  is  noteworthy  for  its  sweetness  and  expression. 

The  nests,  of  which  I  have  examined  very  many,  vary  but  little  either  in  composi- 
tion or  situation.  Solidity  and  bulkiness  sum  up  their  chief  characteristics.  The  mn- 
dation  is  of  sticks  and  twigs,  the  thorny  character  of  which  enables  them  to  be  firmlr 
interlocked,  so  as  to  form  a  strong  support  capable  of  resisting  all  ordinary  accidents,  and 
even  to  defy  wind  and  weather  for  many  successive  seasons.  I  do  not  think,  however, 
thev  are  ever  utilized  a  second  time.  The  inner  or  nest  proper  is  made  of  rootlets,  with 
perhaps  a  few  horse-hairs,  which  are  woven  into  a  circular  depressed  cup. 

Numerous  sets  of  eggs  compared  together  show  but  little  variation,  and  this  chiefly 
in  the  amount  and  method  of  distribution  of  the  spotting  rather  thanjn  the  colon 
themselves. 

SAXICOLID.E— Stone  Chats. 

SiALiA  Swainson. 

S,  mexicana  Bw.    Mexican  Bluebird:  Chestnut-back  Bluebird. 

This  is  the  common  bluebird  of  the  region.  During  the  summer  it  inhabits  not  only  the 
low  valleys,  but,  to  even  a  greater  extent,  the  mountains,  being  there  found  in  the  dense 
pine  timber  up  to  about  6,000  feet.  As  is  the  usual  custom  of  the  Eastern  species,  the 
present  bird,  as  indeed  also  the  Arctic,  raises  two  broods  during  the  summer,  and  the 
season  is  far  advanced  ere  family  duties  cease. 

S.  arctica  Sw.     Arctic  Bluebird. 

The  habitat  of  the  present  bird  is,  in  general,  more  northern  than  that  of  the  preceding- 
Nevertheless,  the  two  species  are  not  infrequently  marked  in  local  lists  as  inhabiting 
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the  same  districts  at  the  same  season.  When  snch  is  the  case^  the  present  species  is 
asnally  fonnd  at  higher  altitudes  in  the  monntains,  whence  it  descends  in  fall  and 
winter  to  the  same  neighborhood  where  the  chestnnt-back  bluebird  makes  its  sum- 
mer home.    Their  connection  is  hence  not  so  intimate  as  might  naturally  be  inferred. 

The  statement  of  a  more  northerly  habitat  for  the  Arctic  bluebird  is  true  only  in 
part ;  sine*,  while  it  attains  higher  latitudes  and,  coincident  with  this,  seeks  out  higher 
elevations  in  the  mountains,  it  yet  was  found  breeding  by  onr  parties  as  far  soutn  as 
Santa  F^,  and  here,  too,  entirely  outside  of  the  mountains.  This  probably  represents 
about  its  southern  breeding  limit,  while,  on  the  other  hand,  mexicana  does  not  reach 
much  farther  south. 

A  nest  of  arvtica^  probably  tlie  second  of  the  season,  was  fonnd  July  31  in  a  dead 
pine  stub.     It  contained  live  eggs,  far  advanced. 

CINCLID.E— Water  Ouzels. 
CiNCLUs  Swainson. 

C.  inexicanua  Sw.    American  Dipper. 

Common  upon  many  of  the  streams  of  the  eastern  slope,  where  noted  as  high  up  as 
the  Columbia  River. 

Concerning  the  habits  of  this  iuteresting  species,  I  have  no  new  facts  to  add  to  the 
extended  noticen  which  have  appeared  elsewhere,  more  particularly  as  they  seem  to 
be  everywhere  about  the  same.  In  reading  Macgillivray's  excellent  account  of  the 
European  dipper  and  its  mode  of  life,  I  notice  a  statement  to  the  effect  that  the  dip- 
per is  by  no  means  an  adept  at  walkiug  on  land ;  he  says,  after  denying  its  alleged 
absurd  habit  of  walking  in  the  water  on  the  bottom :  *'  Even  on  laud  I  have  never 
seen  it  move  more  than  a  few  steps,  which  it  accomplished  by  a  kind  of  leaping  mo- 
tion. Its  short  legs  and  curved  claws  are  very  ill-adapted  for  running."  ♦»  *  •  guch 
being  the  case,  it  would  appear  as  though  there  is,  in  this  particular,  a  very  marked 
difference  between  the  European  bird  and  our  own ;  for  no  one  who  has  made  the 
acquaintance  of  our  dipper  in  its  native  haunts  would  hesitate  for  a  moment  to  affirm 
that  it  is  both  agile  and  graceful  in  its  movements  on  land,  if  grace  be  understood  to 
mean  an  easy  and  assured  manner.  Possessed  apparently  of  equal  powers  for  progres- 
sion under  water  with  its  European  ally,  our  species  by  no  means  depends  wholly,  or 
at  times  even  in  great  part,  upon  these  for  its  subsistence;  but,  on  the  contrary,  may 
often  be  seen  for  an  hour  at  a  time  wading  in  the  shallows,  or  running  quickly  over  the 
wet  rocks  or  along  the  pebbly  shores  in  search  of  food,  when  its  activitv  and  nimbleness 
of  movement  are  very  apparent.  In  fact,  its  amphibious  nature  would  appear  at  times 
to  be  almost  forgotten,  or  to  be  called  to  its  aid  only  for  very  brief  intervals;  while, 
again,  it  appears  on  land,  only  to  disappear  a  moment  later  in  the  swiftly  moving  cur- 
rent. 

SYLVIIDiE— True  Warblers. 

Regulus  Cuvier. 

R,  calendula  L.    Ruby- crowned  Kinglet. 

A  common  summer  inhabitant  of  the  pineries.  Its  songs,  loud,  clear,  and  harmo- 
nious,  were  heard  all  day  long  issuing  from  the  tall,  thickly-foliaged  firs  and  spruces, 
in  which,  w:ithout  doubt,  the  nes^  were  secreted. 

CERTHIID.E— Creepers. 

Certhia  Linnaeus. 

C.familiaris  L.    Brown  Creeper. 
A  common  summer  inhabitant  of  the  coniferous  belt  all  along  the  eastern  slope. 

TROGLOD\TID.E— Wrens. 

Salpi^xtes  Cabanis. 

5.  ohsolctus  Say.    Rock  Wren. 

A  common  summer  visitant  throughout  this  whole  region.  Its  love  for  rocky  fast- 
nesses is  well  typitied  in  its  name.  Its  nest  is  often  placed  beneath  the  shelter  of  a 
rock,  or,  as  I  have  on  several  occasions  seen  it,  in  some  slight  recess  or  natural  cavity 
in  a  sand-bank  ;  in  fact,  any  hidden  nook  or  natural  recess  that  promises  concealment 
is  available  for  its  purpose.    A  nest  found  on  the  15th  of  May  contained  eight  eggs, 
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the  young  ir  which  were  jast  ready  to  chip  the  shell.    The  rock  wren  is  thasioio&f 
the  very  first  of  the  small  birds  to  lay.    The  eggs  vary  so  little  as  to  be  easily  chvie-   1^ 
teristic  of  the  species;  ground-color  pure  white,  with  a  rather  even  distribation orer  Iw.;^ 
the  entire  surface  of  minute,  roundish,  reddish- brown  spots.  1^ 

^D^1 
Troglodytes  Vieillot.  •  iisa 


T.  adoH  parJcmanni  Aud.    Western  House  Wren. 

Numerous  as  a  summer  resident  all  along  the  eastern  slope.  As  a  rule,  keeps  in  the 
timber  of  the  uncivilized  districts,  and  seems  rather  loth  to  accept  the  accommodations 
offered  in  the  towns,  where,  however,  it  is  occasionally  seen. 

T.  hyenuilis  pacificus  Bd.  Western  Winter  Wren. 

This  bird  was  not  met  with  until  the  Columbia  River  was  reached ;  here  id  October 
it  was  found  to  be  very  abundant,  more  90,  in  fact,  than  I  have  ever  known  thewioter 
wren  to  be  elsewhere.  Nearly  every  brush-heap  contained  at  least  one  of  these  spat- 
tering, scolding  mites,  while  not  rarely  several  were  heard  or  seen  in  the  spsoeoft 
few  yards.  It  was  found  on  both  slopes  of  the  Cascades,  although  it  was  not  nearlyw 
numerous  upon  the  east  side  of  the  mountains  as  upon  the  west.  As  fall  advsDee8,it 
finds  its  way  farther  south,  and  reaches  on  both  slopes  as  low  as  the  latitude  of  San  Fn^ 
Cisco.  I  am  inclined  to  believe  that  it  breeds  all  through  the  pine  woods  (rf^emout- 
ains  near  the  Columbia.  It  winters  here,  as  also,  according  to  Cooper,  in  WashioftM 
Territory. 

CiSTOTHORUS  Baixd. 

C.  palustria  Wils.    Long-billed  Marsh  Wre 
Extremely  abundant  in  all  the  tule  maish^s. 

PARID^— Titmice. 
L0PHOPHANE8  Kanp. 

X.  inomatme  (Qamb.).    Plain  Titmouse. 

This  species  is  present  in  Nevada  in  the  foot-hills  of  the  mountains  and  on  the  lev 
ranges  to  the  east  of  the  main  chain.  It  was  not  met  with  in  the  Columbia  Ri?er  re- 
gion, nor  even  in  Nort.hem  California. 

Pakus  Linnaeus. 

P.  rufescens  Towns.    Chestnut-back  Chickadee. 

According  to  Dr.  Cooper,  this  species  is  the  most  abundant  of  the  family  in  Wsshing- 
ton  Territory,  where,  however,  it  is  probably  limited  for  the  most  part  or  entirely  to 
the  districts  west  of  the  mountains.  Such,  at  least,  appears  to  be  the  case  in  Ore^o. 
where  the  species  did  not  fall  under  my  observation  until  at  the  Cascades  on  the 
western  slope,  where  I  saw  a  single  small  flock  in  October.  It  is  probably  a  tuminei 
resident  here,  and  perhaps  even  farther  south  in  Northern  California.  In  fallitiii- 
grates  to  below  San  Francisco,  %ut  does  not  appear  upon  the  eastern  side  of  the  chuB. 

P.  montanus  Gamb.    Mountain  Chickadee. 

Breeds  numerously  among  the  pines.  Extremely  abundant  among  the  oaks  o{  the 
eastern  slope,  near  the  Columbia  River. 

PsALTRiPARUS  Bouaparte. 

P.  plumbeue  Bd.    Plumbeous  Titmouse. 

This  chickadee,  which  is  peculiar  to  the  middle  province,  extends  ita  range  clear  to 
the  foot-hills  of  the  Sierras,  but  does  not  enter  the  mountains.  Thus,  among  the  bstren 
pinon  hills  near  Carson  City,  I  saw,  in  July,  a  flock  of  twenty  or  thirty  individaaU. 

S1TTID.E— Nuthatches. 
SiTTA  Linnaeus. 

S.  canadensis  L.    Red-bellied  Nuthatch. 

This  species  appears  so  much  of tener  in  the  local  lists  of  the  Eastern  States  thM  o^ 
the  Western  that  many  ornithologists  have  come  to  regard  it  as  a  quite  typioalljMft* 
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ero  species.  Nevertheless,  in  the  extreme  parts  of  the  West,  as  upon  both  sides  of  the 
Sierras,  from  the  line  of  the  railroad  to  the  Columbia  River,  and  so  on  to  the  north,  the 
red-bellied  nuthatch  is  really  a  common  bird,  and  in  much  of  this  area  it  doubtless 
breeds.  It  appears  to  be  the  presence  of  a  country  suitably  timbered  to  meet  its  wants — 
pine-lover  as  this  species  pre-eminently  is — more  than  aught  else  that  determines  its 
presence  or  absence.  In  addition,  its  distribution  is  clearly  governed  by  its  preference 
for  a  cool  climat'O,  such  as  it  finds  in  the  north  or  in  the  high  Sierra  Nevada. 

Towards  the  Columbia  Kiver  it  was  observed  to  become  more  numerous,  and  upon 
the  upper  Deschutes  its  numbers,  in  certain  localities,  were  comparable  with  those  of 
the  pigmy  nuthatch. 

S,  carolinenHs  acultata  (Cass).    Slender-billed  Nuthatch. 

A  numerous  and  constant  resident  among  the  conifers ;  not  so  common  towards  the 
Colombia  River  as  either  of  the  other  species. 

S.pygvMBaVig,    Pigmy  Nuthatch. 

The  most  numerous  of  the  family  in  the  Sierra  Nevada  and  Cascade  Mountains,  as 
almost  everywhere  through  the  West. 

SYLVICOLID.E— American  Waiblers. 

Helminthophaga  Cabanis. 

M.  celnta  Jutescens  Ridgw.    Western  Orange-crowned  Warbler. 

Moderately  common  in  summer  when  inhabiting  the  mountain  slopes,  but  most 
numerous  during  the  fall  migration. 

Dkxdr<eca  Gray. 

D.  (Bstiva  (Gm.).    Yellow  Warbler. 

Numerous  as  a  summer  resident  in  the  shrubbery  of  the  streams,  which  the  species 
follows  up  to  an  elevation  among  the  mountains  of  at  least  8,000  feet.  It  penetrates 
beyond  the  Columbia  and  into  Washington  Territory. 

D.  townsendi  Nutt.    Townsend's  Warbler. 

This  bird,  which  I  had  hoped,  though  scarcely  expected,  to  find  a  common  resident 
>f  the  coniferous  belt  of  the  Cascades  in  Oregon,  was  met  with  but  twice,  in  Septem- 
t>er.  In  each  instance  the  individual  was  migrating  in  company  with  flocks  of  Andu- 
ton's  warblers  and  other  birds. 

In  full  plumage  the  Townsend's  warbler  is  one  of  the  most  beautifal  of  the  family, 
hs  it  has  been  until  a  comparative  recent  period  one  of  the  rarest.  Since  it  was  found 
)y  the  expedition  of  1874  to  be  a  common  migrant  in  the  mountains  of  Southeastern 
Irizona,  numerous  specimens  have  been  received  by  the  Smithsonian  Institution  from 
[California,  notably  from  near  Sacramento,  where  obtained  by  Mr.  L.  Belding.  This 
warbler  appears  to  be  only  a  casual  mij^rant  along  the  line  of  the  eastern  slope,  and,  in 
ihree  seasons'  collecting,  the  two  mentioned  above  represent  all  I  have  seen.  On  the 
i^acific  side,  however,  it  is  comparatively  numerous,  both  in  spring  and  fall.  As  to  its 
>reeding  range,  I  can  find  no  evidence  on  record  that  warrants  the  statement  that  the 
ipecies  finds  a  summer  home  within  our  territory.  Still  it  would  not  be  surprising 
^ere  it  eventually  found  to  summer  in  Oregon,  in  the  dense  pine-belt  to  the  west  of 
iie  Cascade  Mountains.  If  such  is  ascertained  to  be  the  case,  this,  at  least,  is  likely  to 
>rove  its  extreme  southern  limit.  The  fact  that  the  statements  of  its  occurrence  in 
ihe  United  States  have  always  been  accompanied  by  the  term  *' migrant,''  affords 
>retty  conclusive  proof  that  as  a  species  it  summers  in  the  far  north. 

Such  migrants  as  are  found  in  the  Rockv  Mountains  in  fall,  at  which  season  they 
klone,  have  been  noted,  are  to  be  reasonably  accounted  for  as  having  followed  this  path 
Torn- the  extreme  northern  points  of  that  range,  where  it  approaches  the  Pacific. 

[>.  auduhoni  (Towns.).    Audubon's  Warbler. 

Common  as  a  summer  resident  among  the  conifers  at  high  elevations ;  most  nn- 
nerous  during  the  migrations,  being,  in  fact,  the  chief  representative  numerically  of 
he  SyIvicolid(t  along  the  eastern  slope. 

Geothlypis  Cabanis. 

jr.  trichas  L.    Maryland  Yellow-throat. 

By  no%ieans  uncommon  in  Western  Nevada,  in  situations  similar  to  those  frequented 
)y  the  species  in  the  East.  A  nest  found  at  Washoe  Lake,  Nevada,  May  23,  contained 
!our  eggs  far  advanced  toward  hatching. 
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G.  macgillivrajfi  Bd.    Macgillivray's  Warbler. 

Fairly  numerous  In  summer  alonz  the  eastern  slope.  I  find  no  reference  to  thespwiM 
in  my  note-book  as  occarrin^  farther  north  than  Northern  California.  As,  however, 
according  to  Cooper  and  Snckley^it  reaches  to  Pns^et  Sonnd  along  the  coasts  it  isufe 
to  infer  tnat  on  the  eastern  slope  it  passes  the  Colnmbia  River  into  WasbiD^n  Ter- 
ritory. 

A  nest  found  July  24  contained  four  yonng  a  few  days  old. 

ICTERiA  Vieillot. 

/.  virena  longicauda  (Lawr.).    Western  Yellow-breasted  Chat. 

A  rather  common  summer  visitant  about  Carson,  Nev.,  but  becoming  leas  so  to  tbt 
northward,  until,  in  extreme  Northern  California,  it  is  quite  rare.        , 

Myiodioctes  Audubon. 

M»  pusillus  (Wils.).    Wilson's  Black  Cap. 

As  a  summer  resident  of  the  eastern  slope  the  species  appears  to  be  rare ;  it  may. 
however,  be  more  common  at  this  season  towards  the  Columbia  River  than  farthersootb. 

June  24  I  saw  a  female  of  this  species  in  an  alpine  valley  of  Northern  California, st 
an  elevation  of  about  6,000  feet.  Her  excitement  at  my  presence  convinced  me  that 
her  nest  was  nearby;  but  circumstances  not  favoring'a  long  search,  I  failed  to  dis- 
cover it.    In  fall  the  species  is  comparatively  common. 

TAXAGRID^E— Tanagers. 

Pyraxga  Vieillot. 

P.  ludoviciana  Wils.    Crimson-headed  Tanager. 

A  common  summer  resident  of  the  eastern  slope  as  far  to  the  north  at  least  as  the 
.Columbia  River,  and  without  doubt  reaching  into  Washington  Territory. 

HIRUNDINID.E— Swallows. 

HiRUXDO  LinnaMis. 

JET.  erythrogastra  Bodd.    Barn  Swallow. 
A  numerous  summer  resident  of  the  lowlands. 

Tachycineta  Cabanis. 

T.  hicolor  (V.).    White-bellied  Swallow. 

This  is  a  more  or  less  abundant  inhabitant  of  the  eastern  slope,  according  to  cir- 
cumstances. It  was  not  met  with  farther  north  than  Northern  California.  Hen  in 
the  mountains  near  Camp  Bid  well  it  was  numerous  enough  the  last  of  July,  at  which 
time  the  pairs  all  had  young,  as  was  shown  by  their  frequent  visits  to  woodpeckers' 
holes  in  the  aspens. 

T.  thalassina  (^Sw,).    Violet-green  Swallow. 

This  is  an  extremely  abundant  summer  visitant  in  certain  portions  of  Eastern  Cali- 
fornia and  Western  Nevada,  as,  for  instance,  at  Pyramid  Lake.  The  pyramid-like 
cliffs  which  give  name  to  this  body  of  water  form  the  abode  of  thousands  of  these 
beautiful  swallows,  which  resort  to  the  niches  and  holes  in  the  faces  of  the  rock  for 
nesting  sites. 

In  the  mountains,  where  it  is  also  abundant,  it  selects  for  this  purpose  the  deserted 
holes  of  woodpeckers,  giving  everywhere  marked  preference  to  those  in  oaks.  It  ii 
almost  always  found  in  close  proximity  to  water; 

A  nest  found  July  1  contained  five  young  and  two  unfertile  eggs. 

Petrocheliuon  Cabanis. 

P.  lunifrons  (Say).     Cliff  Swallow.  ^ 

By  far  the  most  abundant  and  generally  distributed  of  the  family. 
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COTYLE  Boie. 
C.  riparia.    Bank  Swallow. 

Preaent  in  Nevada  and  Eastern  California,  but  apparently  less  numerous  than  the 
following. 

Stelgidopteryx  Baird. 

8.  aerripennis  (And.).    Rough-winged  Swallow. 

According  to  Cooper  and  Suckley,  this  swallow  occurs  as  far  to  the  north  on  the 
coast  as  Puget  Souud ;  certainly  present  along  much  of  the  eastern  sl6pe;  and  doubt- 
less extending  into  Washington  Territory  along  this  line. 

Progne  Boie. 
P.  suhU  (L.).    Purple  Martin. 

Colonies  encountered  at  numerous  localities  among  the  pine  woods  of  the  mountains, 
'^here  they  are  quite  local. 

VIREONJD^— Greenlets. 

ViREO  Vieillot. 

r.  gilvus  swainaoni  Bd.    Western  Warbling  Vireo. 

This  vireo  was  found  to  be  present  along  the  eastern  slope  as  far  north  as  Southern 
Oregon,  and,  as  I  have  never  seen  it  more  abundant  than  it  was  in  Northern  California, 
I  have  no  doubt  that  it  reaches  to  the  Columbia  along  this  line,  or  even  into  Washing- 
ton Territory,  as  it  does,  according  to  Cooper  and  Suckley,  along  the  Pacific  side. 

Very  little  can  be  said  of  its  habits  here  that  wonld  not  be  a  repetition  of  published 
accounts  of  the  Eastern  warbling  vireo.  It  is  merely  that  bird  transferred  from  its 
usual  surroundings  to  the  wild  mountain  districts  of  the  west.  In  the  mountains  near 
Camp  Bidwell,  the  locality  alluded  to  above,  where  the  species  was  so  numerous,  I 
found  many  nests,  three  or  four  being  often  met  with  during  a  morning's  collecting. 
They  were  without  exception  built  upon  small  aspen  trees,  from  three  to  five  feet 
above  the  ground.  With  a  lining  of  fine  grasses,  they  were  composed  mainly  of  long 
strips  of  white  fibrous  bark,  festooned  externally  with  spiders'  webs,  bits  of  cottony 
substances  from  plants,  &o.  At  this  date,  July  20-30,  the  eggs  were  so  far  advanced 
as  to  render  their  preservation  very  difficult. 

Vireo  soUtarius  cassini  Xantus.    Cassin's  Vireo. 

Few  birds  have  given  rise  to  more  perplexing  doubt  and  uncertainty  respecting 
their  relationships  than  the  Cassin's  vireo.  Founded  by  Xantus  in  1859,  upon  a  fall 
specimen  from  Fort  Tejon,  its  subsequent  written  history  has  been  full  of  vicis^tudes ; 
for  while  by  some  authors  it  has  been  accepted  as  a  valid  species,  by  others  it  has 
been  affiliated  with  soUtarius  as  a  variety ;  or,  again,  has  been  rejected  altogether,  and 
thrown  into  the  list  of  synonyms  of  the  latter  bird. 

From  the  time  I  made  the  acquaintance  of  this  virep  in  the  southern  Rocky  Moun- 
tains it  has  had  a  peculiar  interest  for  me,  more  especially,  perhaps,  from  the  fact 
that  while  then,  and  upon  the  many  subsequent  occasions  I  have  met  with  it,  I  have 
had  not  the  slightest  difficulty  in  properly  identifying  the  recently  killed  specimens 
or  even  the  live  birds ;  yet,  in  the  closet  and  upon  comparison  with  other  specimens 
from  the  West  marked  as  soUtarius^  1  have  found  it  extremely  difficult  to  draw  a  line  be- 
tween the  two ;  in  fact,  until  the  present  time  I  have  never  been  able  to  arrive  at  any  satis- 
factory conclusion  respecting  the  true  rank  of  casaini  and  itskin<)hip  to  soUtarius.  I  am 
now  fully  persuaded,  and  trust  to  be  able  to  show,  that  cassini  is  at  the  least  something 
more  than  a  special  plumage  of  soUtarius,  which  was  the  opinion  expressed  by  Professor 
Baird  in  his  Review  of  North  American  Birds,  when,  it  is  to  be  remembered,  the  type- 
specimen  represented  all  that  was  known  of  the  supposed  species,  the  absence  of  ma- 
terial for  comparison  doubtless  having  much  to  do  in  shaping  this  view.  Since  then 
there  have  accumulated  in  the  Smithsonian,  as  the  result  of  the  collections  of  this 
expedition  and  from  other  sources,  twelve  or  more  specimens  that  are  either  like  the 
original  type  of  cassini^  or  so  near  it  that  their  identity  with  it  is  beyond  suspicion.  It 
is  perfectly  safe  to  say  that,  whatever  it  is,  they  are. 

With  little  or  no  difierence  in  size  from  Eastern  soUtariuSj  the  type— and  it  is  to  be 
remarked  that  certain  of  the  recently  obtained  speciniens  not  only  share  its  peculiari- 
ties but  even  exhibit  them  to  a  greater  degree — oflfers  only  differences  of  coloration. 
These  may  be  briefiy  summed  up  as  follows :  Typical  examples  of  cassini  are  very 
much  duller  than  the  corresponding  plumages  of  soUtarius,  The  head  above  and  on 
the  side,  instead  of  being  of  a  decided  blue  or  bluish  ash,  presents  little  or  absolutely 
no  contrast  to  the  olive- brown  (instead  of  olive-green)  of  the  dorsum.    The  lores  and 
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orbital  ring^  instead  of  being  pare  white,  are  of  a  dull  white,  strongly  inclininic  to 
fnlvoQB.  The  greeu  of  the  sides  is  much  mixed  with  or  replaced  by  brown;  the  andcr 
parts  generally  are  of  an  inipare  white,  the  result  of  a  general  admixture  of  brown.  In 
fact,  extreme  examples  of  casaini  are  colored  so  much  like  huttoni  that  upon  a  color 
basis  alone  it  would  be  difficult  to  distinguish  them. 

There  are  a  sufficient  number  of  specimens  at  hand  showing  the  above  characters  to 
prove  beyond  a  doubt  that  casaini  is  entitled  to  rank  of  some  kind ;  in  other  word&,that 
it  is  not  a  mere  accidental  plumage  of  soHtariiis.  For  be  it  noted,  as  stated  by  Pro* 
fessor  Baird  of  the  type,  that  soHtarius  as  it  is  colored  in  the  East  never  approacbM 
the  above.  The  color  peculiarities  of  caattini  are  to  be  regarded  then  as  entirely  beyond 
and  independent  of  individual  variation.  But,  to  complicate  matters,  nearly  every 
author  who  has  had  occasion  to  treat  of  Western  birds  has  noticed  specimens,  evidently 
not  typical  cassini^  which  he  has  referred  with  more  or  less  doubt  to  solitariM,  Thai, 
specimens  of  so-called  solitariM  are  before  us  from  Washington  Territory,  Oresoo, 
California,  Nevada,  Utah,  Wyoming,  Arizona,  &c.  Some  of  these  are  cert^nly  very 
close  to  soHtarius,  and  I  have  always  presame<l  the  occurrence  of  that  speoies  in  tbe 
West  to  be  a  matter  that  admitted  of  no  doubt.  But  a  recent  careful  examinatioo 
of  all  these  specimens  shows  not  one  that  can  fairly  be  called  typical  of  that  bird. 
In  such  specimens  the  back  is  of  a  varying  shade  of  green ;  the  bead  is  more  or  lea 
ashy  in  contrast,  while  the  under  parts  are  of  a  purer  white  than  is  the  case  with^- 
ical  cofishii.  It  is  to  be  remarked,  however,  that  not  only  is  it  scarcely  possible  to  find 
two  of  these  doubtful  specimens  that  agree  witb  each  other,  but  by  means  of  them  a 
series  can  be  formed  that  appears  to  gra^le  directly  from  the  typical  cassini  towatda 
and  almost,  if  not  quite,  into  soUtarius.  The  percentage  of  specimens  of  whioh  the 
statement  holds  good  that  they  are  more  like  solit^iriiis  than  cassini  is  quite  small. 
Nearly  all  the  intermediate  specimens  are  really  identitiable  with  cassini;  infiict, of 
twenty-nine  specimens  in  the  collection  which  have  been  labeled  indifferently  oii«iiM 
and  Holitariuff,  I  find  that  twenty  are  referable  to  cassini^  and  cannot  by  any  meaiM 
be  identified  with  ffolitarius.  Of  the  remaining  nine,  three  are  so  nearly  intermediate 
that  they  might  with  about  equal  propriety  be  assigned  to  either,  leaving  six  with  a 
decided  leaning  toward  solitnriHH.  It  needs,  however,  but  an  instant's  comparison  of 
these  with  the  ordinary  Eastern  soHtariiift  to  show  that  although  closely  resembling 
that  species,  it  would  be  going  too  far  to  say  that  they  are  typically  the  same.  In 
connection  with  the  rest  of  the  series  they  are  clearly  intermediate,  but  on  the«oh'l«- 
ritis  side  of  the  lino. 

The  testimony  of  the  series  as  a  whole  seems  to  show  pretty  conclusively  that  the 
solitary  vireo  proper  floes  not  occur  in  the  West,  and  that  all  specimens  which  hafe 
been  so  identified  are  either  cassini  or  are  intermediate  between  the  two;  the  latter 
class,  in  fact,  furnishing  the  evidence  that  the  two  inter-grade,  and  hence  that  ooniu 
is  a  variety  of  soHtarius. 

The  only  alternative  would  be  to  throw  cassini  out  entirely  and  refer  all  Western 
specimens  to  soHtarius,  But,  in  our  judgment,  typical  speoimeus  of  cassini  are  notr  too 
numerous  and  show  too  decided  and  constant  differences  to  warrant  such  a  prooedare. 

The  habitat  of  Cassin's  vireo  may  receive  a  moment's  attention;  Its  summer  home 
appears  to  be  strictly  limited  to  either  slope  of  the  Sierra  Nevadas,  from  Washington 
Territory  to  Southern  California.  I  cau  find  no  specimens  (including  under  the  head 
of  cassini  all  individuals  hitherto  supposed  to  be  soHtarius)  from  the  Uocky  Moantaini 
in  spring  or  summer*  * 

As  a  migrant  in  fall  the  occurrence  of  the  Cassin's  vireo  in  the  latter  range  is  notsnr 
prising,  or  no  more  so  than  that  of  several  other  Sierra  Neva<lan  birds,  as  Junco  kj/mAliij 
Turdus  pallasi  nantis,  Dendroica  toxvnseiidi,  and  occidentaHs^  &,o, 

I  have  alluded  in  a  foot-note  below  to  a  specimen,  the  coloration  of  whioh  is  inter* 
mediate  between  soHtarius  and  plumbeus.  Such  specimens  do  not  appear  to  be  as  com- 
mon as  in  the  instance  of  the  Cassin's  vireo,  but  I  have  seen  too  many  such  to  render 
the  relationship  of  the  two  former  birds  at  all  doubtful  in  my  own  mind.  With  its 
notable  increase  of  stature,  and  the  laying  off  of  nearly  all  the  bright  tints  that  dis- 
tinguish soHtarius, pUimheus  might  well  pass  for  a  different  species,  but  for  the  fact  tbi^ 
specimens  of  unquestionable  intermediate  character  have  been  repeatedly  taken;  so 
that  consistency  would  seem  to  demand  that  its  near  relationship  to  solitnrius  f^Q^^ 
be  formally  as  well  as  tacitly  admitted.  Although  this  race  possesses  an  avers^pe 
size  considerably  in  excess  of  soHtarius,  the  latter  occasionally  leads  well  up  to  its 
smaller  individuals.  Turdus  />a//a«i,  with  its  race  aitd(i6o/a',  furnishes  preci^ythe 
same  phenomenon  of  increase  of  size  coincident  with  a  mountain  habitat. 

Of  the  two  Western  varieties  of  the  solitary  vireo,  pUimheus  appears  to  be  the  best 
marked.  This  is  not  because  typical  examples  of  it  are  any  more  readily  reoogoizable 
than  of  cassini,  but  because  intermediate  specimens  of  the  former  appear  to  be  leas  com* 

*  A  specimen,  No.  11,064  of  Nat.  Mas.  Res.,  takeu  at  Fort  Bridger  in  May  by  Drexler.  wm  \mM»^ 
solUarivji  and  80  referred  to  by  aathnra.  Thin  I  ascertain  upon  examination  to  be  the  plnniMia 
vireo  ( V.  soliiaritut  plumbetut).  Its  colore  are  those  of  plumbeus,  with  the  addition  of  a  alight  admixtii* 
of  green,  it  being  iu  fact  intermediate  between  tliat  form  and  tolitariwi. 
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xion ;  in  other  words,  phimhem  appears  to  be  further  advanced  in  the  process  of  differ- 
»iittatioD,  and  hence  to  be  more  constant  to  its  type.  Too  mach  stress  shonld  not, 
However,  be  laid  npon  this  apparent  fact,  since  the*  locality  of  specimens  of  this  race 
appears  to  be  an  important  factor.  Thns,  all  specimens  of  the  plumbeus  vireo  that 
we  have  seen  from  the  neighborhood  of  Fort  Whipple,  Arizona,  the  region  whence 
cLeseribed  by  Dr.  Cones,  are  extremely  typical ;  but  from  points  farther  north,  as  Forts 
Laramie,  Bridger,  and  thereabonts,  nearly  all — perhaps  all — are  to  a  varying  extent  in- 
termediate. 

Similarly,  the  eastern  slopes  of  the  Sierras  and  Cascades  appear  to  fnmish,  in  sum- 
mer at  least,  nothing  but  typical  ca$9inij  while  from  the  Calaveras  Qrove  California,  and 
other  localities  on  the  western  side  of  the  mountains,  we  have  both  typical  and  inter- 
mediate specimens,  both  styles  breeding.  As  bearing  on  the  subject,  I  ma^  recall  the 
fact  that  many  of  the  shrikes  from  the  same  localities  are  scarcely  distinguishable 
from  speeimens  from  Florida  (ludomdanue). 

To  sum  up,  the  solitary  vireo,  like  many  other  birds,  appears  to  be  divisible  in  three 
distinct  races,  according  as  it  inhabits  the  eastern,  the  middle,  or  the  Pacific  provinces. 
£ach  has  its  own  restricted  summer  habitat,  where  it  alone  is  found.  In  fall  the  two 
VTestem  mingle,  to  some  extent,  during  the  general  dispersion  attendant  upon  the  fall 
migration. 

The  following  figures  indicate  the  size  of  each  of  the  three  forms : 

Solitarius, — Average  of  11  specimens  :  Wing,  2.92 ;  tail,  2.23;  bill,  .40;  tarsus,  *71 : 
largest  individual,  3.06,  2.35,  .38,  .72 ;  smallest  individual,  2.»0.  2.15,  .40,  .73. 

rar.  plumbeus. — Average  of  17  specimens:  Wing,  3.14;  tail,  2.40;  bill,  .43;  tarsus, 
^74:  largest  individual,  3.22,  2.45,  .43,  .77  ;  smallest  individual,  3.03,  2.25,  .43,  .74. 

rar.  CaMtni, — Average  of  28  specimens :  Wing,  2.82 ;  tail,  2.2:^ ;  bill,  .41 ;  tarsus, 
.73 :  largest  individual,  2.93,  2.27,  .42,  .67  ;  smallest  individual,  2.70,  2.01,  .43,  .73. 

LANIID.E— Shrikes. 

Lanius  Linnasus. 

Z,  ludovicianus  exmbiioridetf  (Sw.).    White- rump  Shrike. 

Most  nnmerovs  in  summer,  when  it  lives  chiefly  in  the  lower  foot-hills  among  the 
«eage-bnish.    Some  appear  to  remain  all  winter  in  the  latitude  ot  Caraon. 
The  northern  shrike  ( C  &arm/i'«r)aIso  appears  here  in  fall. 

TANAGRID.^— Tanagers. 

Pyranga  Vieillot. 

P.  ludoviciana  (Wils.).    Louisiana  Tanager. 

A  sninmer  visitor  of  the  mountains,  as  high  up  at  least  as  the  Columbia  River. 

A  nest  found  June  26,  near  Susanville,  Cal.,  oontaj  ed  three  young  and  two 
^eggs,  the  latter  just  on  the  verge  of  hatching.  The  nest  was  a  loose  structure  of  root- 
lets, similar  to  the  usual  style  of  the  P.  ruhra^  and  was  placed  on  the  extremity  of  a 
limb  of  a  cotton  wood,  about  fifteen  feet  from  the  ground. 

As  a  rule,  our  tanagers  lay  but  three  eggs,  and  five  must,  I  think,  be  a  rather  nn- 
«isnal  complement. 

FRINGILLID-^— Sparrows,  Finches. 

LoxiA  Brisson. 
X.  curviroatra  americanaf  Wils. 

This  crossbill  becomes  numerous  in  the  mountains  and  on  the  foot-hills  in  fall.  It 
is  presumably  a  resident  in  Oregon,  although  I  cannot  find  any  direct  evidence  to  this 
effect.  • 

Carpodacus  Kanp. 

■C.  purpureus  califorHicus  (Bd.)    Califomian  Purple  Finch. 

A  single  individual  of  this  species  was  taken  at  The  Dalles  on  the  Columbia  in  Octo- 
ber from  a  flock  of  pine  finches.  This  is  the  first  record  of  its  occurrence  at  any  point 
along  the  eastern  slope,  its  distribution  being  to  the  west  of  the  mountains  from  as  far 
dorth  as  the  Straits  of  De  Fuca  (Cooper)  to  below  San  Francisco. 

•C,  cassini  Bd.    Cassin's  Purple  Finch. 

An  abundant  summer  inhabitant  in  the  neighborhood  of  Carson,  and,  although, 
{>eihaps  becoming  rather  less  numerous  as  northern  California  is  reached,  the  species 
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persists  to  the  Colombia  River.  This,  I  believe,  gives  it  a  more  nor^ern  ttxteotioi 
than  has  hitherto  been  supposed.  In  sammer  they  are  quite  local,  and  crowd  into  a 
certain  neighborhood  of  a  section  to  the  total  disregard  of  others  which,  perbspt,  ap- 
pear no  less  suited  to  their  economy.  I  found  communities  of  considerable  sm  thoi 
colonized  in  certain  parts  of  the  pine  woods  about  Eagle  Lake,  California,  and  t\st 
where.  In  common  with  others  ox  their  kin  they  are  delightful  singers,  and  the  bont 
of  melody  which  greets  the  ear  of  the  chance  passer  by  as  he  happens  upon  one  of 
these  musical  oases  in  the  generally  silent  forests  is  no  less  pleasing  than  it  is  uiti- 
pected.  Like  the  common  goldfinch  (C  tristis)  the  males  have  the  habit  of  singing  in 
chorus,  and  it  takes  very  little  imagination  to  construe  their  efforts  into  rival  costerti 
Whether  they  possess  such  significance  to  the  birds  themselves  or  not,  it  is  certain  tlof 
each  individual  appears  to  sing  his  loudest  and  best,  as  though  trying  to  drown  thenota 
of  his  neighbor,  or,  perhaps,  too  well  pleased  yrith  his  own  efforts  to  care  for  aaght  eUe. 
The  effect,  as  the  medley  of  delightful  strains  goes  ringing  through  the  leafy  aichoof 
the  pineries,  is  pleasing  in  the  extreme. 

The  nests,  of  which!  have  seen  many,  were  all  placed  on  large  pines  and  well  oat 
toward  the  ends  of  the  lower  limbs. 

By  the  latter  part  of  June  nearly  all  the  pairs  were  feeding  young,  and  none  of  the 
nests  that  were  accessible  contained  eggs. 

C.  frontalis  (Say).    House  Finch. 

An  abundant  species  wherever  found.  It  was  not  observed  much  farther  north  thin 
Honey  Lake,  Northern  California. 

Chrysomitris  Boie. 

C.  trisiia  (L.).    Common  Goldfinch.    . 

A  common  summer  resident  at  many  points.  Fonnd  on  the  Columbia  River  in 
October. 

C.  pinus  <  Wils.).    Pine  Finch. 

This  species  occurs  along  the  whole  eastern  slope  in  fall  and  winter,  and  paneB  the 
summer  in  the  coniferous  belt  in  much  of  its  extent.  In  Oregon,  ^m  Angost  od, 
wherever  I  penetrated  the  mountains,  I  was  almost  sure  to  run  across  floeln  of  theee 
finches,  whose  twittering  notes  often  betrayed  their  presence  in  the  tope  of  the  tall 
pines  and  spruces  when  the  birds  themselves  were  only  visible  upon  patient  scntinj. 

Passerculus  Bonaparte. 

F,  savanna  alaudinus  Bp.    Western  Savanna  Sparrow. 

Numerous  in  all  wet  meadowy  lands,  and  as  much  so  in  Oregon  as  farther  sonth. 

A  nest  taken  near  Washoe  Lake,  Nev.,  May  22,  contained  four  fresh  eggs.  Theee 
are  rather  peculiar  both  in  shape  and  in  markings,  although  the  differences  proUbly 
represent  nothing  but  individual  variation  and  are  not  distinctive  of  this  westen 
race.  They  are  of  a  greenish- white  ground  color,  heavily  blotched  in  a  more  or  leM 
confluent  ring  at  the  larger  ends  with  burnt  sienna  and  various  shades  of  lavender. 
They  are  short  and  rounded  in  shape,  measuring  (68x55)^,  66x04,  65x53. 

P.  savanna  aandvicensia  (Gm.).    Sandvich  Sparrow. 

The  preceding  form  is  the  type  that  prevails  in  summer  all  along  the  eastern  slope. 
In  fact  at*  only  one  locality  did  I  detect  the  presence  of  the  present  bird,  Tir,  on 
Crooked  River,  Oregon,  in  September.' 

A  sandy  pasture  at  this  point  proved  favorite  ground  for  the  savanna  sparrows, and 
a  walk  through  the  weed  patches  usually  resulted  in  starting  up  scores.  Among  tbe 
rabble  I  noticed  one  day  an  individual  of  apparently  larger  size  than  the  rest,  and 
upon  shooting  discovered  it  to  be  of  the  present  race.  Further  search  resulted  in  the 
acquisition  of  one  additional  specimen.  So  far  as  known  aandricensis  is  a  strictly  cotft 
form ;  but  its  presence  here  is,  after  all,  by  no  means  remarkable,  since  in  tbe  fall  mi- 
gration a  few  might  readily  find  their  way  up  tbe  Columbia  River  and  so  move  south 
along  tbe  eastern  slope.    As  I  did  not  find  it  elsewhere,  I  judge  it  to  be  rare. 

PooECETES  Baird. 

P.  gramineua  confinis  Bd.    Western  Grass  Finch. 

Numerous  in  the  valleys.  Noted  no  farther  north  than  Southern  Oregon,  but,  ^^ 
out  doubt,  extending  into  Washington  Territory. 
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Chondestes  SwalDBon. 

C.  grammaca  (Say).    Lark  Sparrow. 

This  speoies  was  lost  sight  of  about  one  hondred  miles  north  of  Carson.  It  doobt- 
less  occars  in  the  low  valleys,  quite  up  into  Oregon ;  tn  fact,  Sackley  records  a  single 
specimen  from  The  Dalles,  on  the  Columbia. 

ZoNOTRiCHiA  Swalnson. 

Z.  albioollis  (Gm.).    White-throated  Sparrow. 

Dakota  has  hitherto  been  given  as  forming  the  western  limit  of  this  sparrow.  Nev- 
ertheless, it  seems  probable  that  it  is  to  be  added  to  the  list  of  eastern  species  that 
reach  the  Pacific  on  the  northwest  coast  and  summer  at  the  point  where  the  Rocky 
Mountains  dwindle  away  and  admit  of  free  passase.  At  all  events,  the  presence  of  the 
white-throated  sparrow  was  detected  on  the  Columbia  River,  about  forty  miles  from 
The  Dalles,  and  thus  beyond  the  eastern  slope,  and  one  of  the  two  individuals  seen 
was  captured.  I  presume  that  it  is  by  no  means  scarce  here,  although  as  the  individ- 
uals noticed  were  seen  only  an  hour  or  so  before  camp  was  broken  for  the  return  up 
the  river,  no  opportunity  was  had  for  a  satisfactory  investigation  of  the  matter. 

Z.  Imcophrys  (Forst.).    White-crowned  Sparrow. 

As  almost  everywhere  throughout  the  West,  this  sparrow  occurs  along  the  eastern 
slope  in  great  numbers  during  the  migrations.  It  is  also  numerous  in  these  mouutaius 
in  summer,  resorting  to  breed  to  the  willow  thiekets  and  aspen  groves  along  the 
streams. 

A  nest  found  in  Eastern  California,  June  20,  contained  four  eggs  but  slightly  advanced. 
Several  found  on  the  24th  held  young.  The  nests  were  quite  typical  of  the  ground- 
building  sparrows,  being  outwardly,  composed  of  weed-stalks  with  an  interior  lining 
of  fine  grasses  and  horse  hairs,  the  whole  snugly  hidden  away  with  a  sparrow's  cunning 
beneath  a  small  bush. 

The  eggs  are  of  a  faint  bluish  green,  irregularly  and  profusely  spotted  with  reddish, 
brown,  wnich  is  most  conspicuous  at  the  larger  ends. 

Z.  gamheli  intermedia  Bidgw.    Ridgway's  Sparrow. 

Flocks  composed  of  this  and  the  previous  bird  frequently  fall  into  the  path  of  the 
collector  in  this  region  during  spring  and  fall.  The  present  bird  was  not  found  in 
the  mountains  as  a  summer  resident,  and  I  believe  it  goes  farther  north  to  breed.  Mi. 
Ridgway,  indeed,  in  his  recent  report  to  King,*  mentions  this  bird  as  nesting  in  num- 
bers at  Donner  Lake  Pass  in  the  Sierras ;  but.  as  I  now  learn,  he  believes  that  his 
identification  was  incorrect  (circumstances  not  permitting  specimens  to  be  obtained), 
and  that  the  species  thus  referred  to  was,  beyona  doubt,  the  Z,  leuoophryi.  This  agrees 
fully  with  my  own  experience  in  this  region,  and  leaves  us  with  no  record  of  the 
breeding  of  the  var.  intermedia  in  the  Sierras. 

I  have  elsewhere  presented  facts  bearing  upon  certain  differences  in  the  migrations 
of  these  two  ZonotHchiaSy  and  have  referred  to  the  very  extensive  overlapping,  east- 
ward and  westward,  of  their  respective  habits,  urging  that  these  considerations,  cou- 
pled with  the  constant,  albeit  slight,  differences  in  coloration  between  the  two,  were 
sufiScient  to  warrant  the  conclusion  that  intermedia  was  not  a  race  of  leuoophrya.  I  am 
more  than  ever  convinced  of  the  truth  of  this.  The  Z.  leuoophry$  is  now  known  to 
breed  on  the  northern  frontier  from  the  Atlantic  to  the  Rocky  mountains,  and  thence 
to  the  summit  of  the  Sierras,  and  to  follow  the  trend  of  these  ranges'far  to  the  south- 
ward. Over  all  this  immense  region  it  maintains  its  characters  with  peifect  consist- 
ency, there  appearing  in  fact  to  be  no  appreciable  differences  between  specimens  tak- 
en on  the  Atlantic  and  others  from  its  most  remote  western  point.  So  far,  then,  as 
geographical  considerations  offer. any  evidence,  it  is  manifestly  absurd  to  consider 
intermedia  as  the  **  western  "  representative  of  a  bird  that  in  its  typical  condition  is 
found  in  nearly  every  portion  of  the  West,  and  that,  too,  breeding. 

On  the  ofher  hand,  tnat  the  relations  of  gamheli  and  intermedia  are  those  of  species 
and  variety  seems  perfectly  certain,  and  the  two  may  be  so  treated  in  perfect  con- 
formity with  well  ascertained  laws  of  geographic  variation,  gambeli  being  the  darker 
coast  representative  of  the  pale,  more  northern  (t)  interior  lorm  intermedia, 

Z.  corona  to  (Pall.).    Golden-crowned  Sparrow. 

This  sparrow  occurs  along  the  eastern  slope  during  the  fall  migration,  but  by  no 
means  in  such  immense  numbers  as  distinguish  its  presence  to  the  westward.    On  the 

*Oniitholoffy  of  United  States  Geological  Exploration  of  the  Fortieth  Parallel,  Clarence  King,  in 
ebarge,  p.  471. 
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contrary,  its  Dnmbers  are  limited  to  the  comparatively  few.  that  find  their  way  ioto 
the  bands  of  white-crowned  and  Ridgway's  sparrows,  and  with  them  perform  the 
journey  southward,  or  winter  in  favorable  localities.  .  Snckley,  however,  speaks  of  the 
Golden-crowned  Sparrow  as  an  abundant  summer  resident  about  The  Dalles. 

J  UNCO  Wagler. 

J.  oregonus  (Towns.).    Oregon  Snowbird. 

This  snowbird  appears  to  pass  the  summer  among  the  mountains,  from  about  the 
latitude  of  Carson,  Nov.,  northward,  and  is  the  only  one  of  the  genus  th^t  inhabits  the 
Pacific  province. 

A  nest  found  June  23  contained  young.  It  was  placed  on  a  hillside  in  a  little  patch 
of  an  evergreen  shrub  that  raised  above  the  earth  sufliciently  to  screen  the  nest,  the 
top  of  which  was  sunk  on  a  level  with  the  ground.  This  may  have  been  an  unusually 
late  brood,  for  I  had  taken  fully  fledged  young  some  few  days  earlier. 

A  second  nest,  found  August  2,  held  three  young,  several  days  old. 

I  subjoin  a  description  of  the  young  in  the  first  or  nest  plumage,  remarking  that  in 
this  condition  the  young  of  all  our  snowbirds  resemble  tach  other  very  closely,  those 
of  several  of  the  forms,  in  fact,  beiug  distinguishable  only  with  great  difficulty. 

First  plumage:  Prevailing  tint  above  rulous,  the  feathers  streaked  medially  with 
black;  wings  and  tail  blackish-brown,  each  feather  edged  with  rufous.  Throat,  breast, 
and  sides  profusely  spotted  with  black  ;  belly  of  a  fulvous  white ;  sides  washed  with 
rufous;  first  outer  tail-feather  always,  usuallv  the  second,  sometimes  the  third,  white 

Amphispiza  Cones. 

A.  heUi  nevadensis  (Ridgw.).   Artemisia  Sparrow. 

This  sparrow  breeds  abundantly  among  the  artemisia  wherever  it  grows,  and  even 
follows  it  to  a  considerable  altitude  in  the  mountains,  although  the  sage  plains,  at 
their  lower  levels,  appear  to  be  the  i)roper  home  of  the  bird.  The  species  occurs  less 
abundantly  in  Northern  California  than  to  the  southward. 

In  the  vicinity  of  Carson,  where  I  found  several  nests,  its  eggs  are  laid  about  May 
15.  As  nesting  sites  sage  bushes  were  invariably  selected.  Dried  weed- stalks  make 
up  the  bulk  of  the  structure,  with  an  interior  of  the  soft,  fibrous  sage  bark,  inside 
which  is  the  lining  proper,  of  sheep's  wool,  which  is  readily  obtain^  by  the  birds 
almost  anywhere  in  this  country. 

The  eggs  vary  much  in  the  exact  character  of  their  markings,  as  also,  to  some  extent, 
in  size.  With  a  faint  greenish-white  background,  they  are  spotted,  much  less  heavily 
at  the  smaller  than  at  the  larger  end,  where  the  markings  are  often  accumulated  into 
a  circle,  with  various  shades  of  brown  inclining  toward  sieuna,  with  lavender,  aud 
faint  purple.  The  sienna  is  often  laid  on  in  the  shape  of  scratches  or  blotches,  so 
densely  as  to  appear  almost  black.  Altogether  the  appearance  of  the  eggs  of  this 
jspecies  is  peculiar. 

Two  sets  measure  as  follows:  (79x58)2  83x58  75x58;  (76x58)^  77x57  78x57. 

Spizblla  Bonaparte. 

S,  monlicola  (Gm.).    Tree  Sparrow. 

A  flock  of  tree  sj>arrows  was  seen  upon  the  Columbia  in  October,  but,  owing  to  a 
failure  fo  interest  my  mule  in  the  matter,  no  specimens  were  actually  secured. 

Dr.  Cooper  leaves  a  note  to  the  effect  that  he  saw  what  he  took  to  be  tree  sparrows 
iu  the  Sierras,  and  Suckley  obtained  a  bird  at  The  Dalles  in  winter  which  he  identified, 
per  book,  as  of  this  species.  So  the  tree  sparrow  may  be  presumed  to  be  a  fall  migrant 
and  winter  resident  of  this  region  on  both  slopes  of  the  Sierras;  but  it  is  probably 
less  common  than  farther  east. 

S.  socialis  arizotuf  Cones.    Western  Chipping  Sparrow.    .  • 

A  common  summer  inhabitant  of  the  eastern  slope.  It  is  found  in  Washington 
Territory,  west  of  the  mountains,  and  doubtless  to  tlie  east,  althoui^h  it  was  not  met 

with  about  the  Columbia,  perhaps  owing  to  the  lateness  of  the  season. 

« 

JS.  hreiveri,  Cass.    Brewer's  Sparrows. 

This  quaint  little  sparrow  is  almost  as  characteristic  an  inhabitant  of  the  sage-brush 
plains  as  the  Bell's  tinch.  Together  with  the  latter  bird  and  an  occasional  sage 
thrush  this  species  makes  up  the  usual  avian  life  of  these  forbidding  wastes  and,  in 
numbers  at  least,  the  Brewer's  sparrow  is  the  most  conspicuous  of  the  three.  Living 
often  far  distant  from  water,  and  with  no  hint  of  the  usual  attractive  surroundings 
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that  vre  come  to  consider  as  being  necessary  to  the  happiness  if  not  the  very  existence 
of  bird  life,  our  little  sparrow  appears  to  be  perfectly  contented  with  its  lot  and  un- 
mistakably expresses  himself  so  in  the  unobtrusive  but  pleasant  little  songs  he  sends 
forth  at  odd  times  during  the  entire»day. 

In  what  appears  to  be  somewhat  exceptional  instances,  this  sparrow  varies  it«  hdbitat 
to  a  considerable  extent.  Thus  I  have  occasionally  found  the  summits  of  the  high 
peaks  to  be  occupied,  together  with  a  few  other  species,  by  the  Brewer's  sparrow. 
The  low  brush  or  **  scrub"  into  which  the  luxuriant  sub-alpine  vegetation  dwindles,  as 
the  higher  altitudes  on  the  mountaihs  are  reached,  seem  to  offer  conditions  sufficiently 
similar  to  its  more  usual  haunts  to  meet  all  requisites.  In  such  spots  the  Brewer's 
sparrows  were  oft^en  very  numerous,  while  the  presence  of  young  birds  sufficiently 
attested  the  fact  that  here  was  their  summer  abode. 

The  nests  of  this  sparrow  are  very  much  like  the  usual  structures  of  the  "  chippy," 
but  appear  to  be  invariably  placed  in  a  low  bush.  Much  vartation  appears  in  the  shape  as 
well  as  the  markings  of  the  eggs.  The  latter  usually  occur  as  blackish  spots  and 
blotches;  these  are  generally  few  in  number,  and  are  mostly  at  the  larger  end,  leav- 
ing the  greenish-blue  ground  unoccupied  for  its  greater  part.  Some  specimens  show 
DO  traces  of  black,  but  the  spotting  assumes  a  reddish-brown  or  neutral  tint,  often 
confluent  in  a  ring  at  the  larger  end.  Other  sets  have  only  a  faint  irregular  freckling 
of  the  same.  The  smaller  eggs  exhibit  a  more  or  less  decided  pyriform  shape,  while 
those  of  larger  size  vary  in  the  direction  of  a  more  elongate<l  oval.  The  following 
measurements  express  these  variations  in  size:  (67x4^)S  (Sx47  ;  (6:<x48)«,  (62x47)«; 
69x'>0,  68X52,  65xr>0,  69x53. 

Melospiza  Baird. 

A  study  of  the  song  sparrows  of  the  United  States  and  adjoining  regions  reveals  an 
extraordinary  amount  of  variation,  coinciding  more  or  less  closely  with  definable  geo- 
graphical areas.  Others  of  our  species  are  possessed  of  a  similar  wide  range,  but  in 
no  other  are  exhibited  such  marked  variations  of  color  and  such  muUitious  in  size  as 
in  this. 

The  song  sparrow,  akhou^h  apparently  nowhere  a  permanent  resident,  in  the  strict 
meaning  or  that  term,  that  is,  to  the  extent  of  the  same  individuals  remaining  in  the 
same  place  throughout  the  year,  is  yet  migratory  to  only  a  limited  degree  ;  and  it  is  prob- 
able that  the  change  of  locality  with  the  migrations  is,  in  the  instance  of  none  of  the 
forms,  very  marked.  It  is  doubtless  to  this  localization  and  the  resulting  constantly- 
exerted  influence  of  the  same  circumstances  of  environment,  that  we  are  to  attribute  the 
extraordinary  tendency  in  this  bird  to  develop  into  races  and  offshoots,  according  as  its 
range  brings  it  under  diflering  conditions.  As  Dr.  Coues  happily  phrases  it,  *' Migration 
holds  species  true;  localization  lets  them  slip.''  And  nowhere  is  to  l>e  found  a  better 
illustration  of  this  aphorism  than  is  presented  by  tht^  song  sparrow. 

A  recent  examination  of  the  extremely  large  collection  of  song  sparrows  in  the 
Smithsonian  Institution,  in  connection  with  the  extensive  suite  gathered  by  the  Expe- 
dition, has  developed  some  facts  that  appear  to  be  of  sufficient  value  aud  interest  to 
warrant  brief  mention.  Here  as  elsewhere  the  variation,  through  which  the  forms 
are  indicated,  are  of  two  kinds,  viz,  a  variation  in  size  and  a  variation  in  coloration; 
nor  is  it  easy  to  say  in  which  direction  the  changes  are  most  pronounced. 

The  only  song  sparrow  found  in  eastern  United  States,  and  which  extends  from  the 
coast  as  far  west  as  Nebraska  and  Indian  Territory,  is  the  M.  melodia  ;  and  of  all  the  forms, 
except  posbibly  i«N*V/Mj«,  this  appears  to  bo  the  most  constant  in  the  maintenance  of  its 
peculiarities  over  its  wide  habitat.  In  fact,  so  fartis  color  goes,  the  variation  appears 
to  be  scarcely  noticeable  ;  nor  is  the  variation  in  size  very  marked.  ,  Such  as  it  is,  it 
appears  to  bear  out  the  general  rule  of  an  average  increase  of  size  to  the  northward. 
This  law,  it  may  be  remarked  here,  appears  to  be  e<|ually  applicable  also  to  all  the 
other  races.  The  general  sameness  in  the  topographical  ciiaracter  of  the  eastern  re- 
gion and  the  resulting  similarity  of  climate  is  doubtless  the  chief  cause  of  the  slight 
departure  from  type  to  be  observed  in  melodia  throughout  its  range. 

The  Rocky  Mountains  as  far  to  the  north  as  Oregon  and  to  the  south  to  our  southern 
border,  and  the  entire  region  west  to  the  Sierra  Nevadas,  is  occupied  by  the  var.  fallax. 
This  bird  is  distinguishable  from  mehdia  by  a  generally  paler  tone  of  coloration,  by  a 
decided  increase  in  size,  especially  of  wing  and  tail,  and  b3'  a  slightly  longer  and  con- 
siderably more  slender  bill.  The  intergradation  of  this  form  with  mehdia  is  readily 
traceable  and  complete.  From  the  very  varied  nature  of  the  country  occupied  by/af- 
laxy  it  being  broken  up  by  lofty  mountain  ranges,  and  the  ensuing  dift'erence.s  of  climate, 
considerable  discrepancies  might  naturally  be  expected  in  specimens  of  this  race  from 
different  localities.  Such  proves  to  be  the  case  ;  and,  in  examining  a  large  series,  the 
attention  is  often  arrested  by  some  slight  phase  of  color  which  is  often  so  intangible 
as  to  practically  elude  detinition,  but  which  occasionally  is  sufficient  to  identify  all 
the  individuals  ffom  some  one  limited  neighborhood.  So  frequently  is  this  impression 
received,  that  it  would  almost  appear  as  if  each  locality  in  the  middle  region  furnished 
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a  type  of  its  own,  exhibiting  the  main  characters  of  fallax^  bat  differing  more  or  leas  ap- 
preciably. Thus  the  region  of  the  Gila  River  affords  a  style  of  this  race  quite  distinct 
&om  any  other.  The  principal  variation  is  seen  in  the  very  pale  reddish  tint,  \vith 
scarcely  a  trace  of  dusky,  which  is  especially  noticeable  in  the  streakings  on  the  breast. 
Another  phase  from  Camp  Harney,  Oregon,  is  remarkable  for  its  pale  s:rayi(*h  tints. 
Such  inter-races  are  doubtless  the  result  of  causes  very  local  in  their  action,  and  are 
so  slight  and  inconstant  as  to  deserve  nothing  more  than  passing  notice. 

Reaching  the* foot-hills  of  the  Sierras  we  G^udfallax  beginning  to  assume  Dew  char- 
acters, and  in  the  mountains  and  along  the  western  foot-hills  it  finally  merges  into 
var.  heermanni,  Thi^  form  is  characterized  by  a  much  darker  shade  of  brown  than 
either  fallax  or  melodia^  and  by  a  bill  much  stonter  than  the  former,  but  less  robust 
than  the  latter.  Heermanni  has  usually  been  considered  the  Califomian  song  sparrow, 
the  term  thus  including  indifferently. the  birds  both  from  the  coast  and  the  interior. 
But  this  is  a  mistake.  The  type  now  before  me  came  from  Fort  Tejon,  and  it  is  in 
the  interior  only  that  the  style  to  which  this  name  was  applied  is  met  with. 

Reaching  the  coast,  another  form  is  for  the  fimt  time  encountered.  This  is  the  var. 
samueliSf  of  which  the  gouldii  of  Baird,  as  correctly  determined  by  Mr.  Ridgway,  is  the 
fall  plumage.  Hitherto  some  three  or  four  individuals  from  the  vicinity  of  San  Fran- 
cisco have  neen  taken  as  representing  all  that  was  known  of  this  race.  Bnt  uo  fewer 
than  forty- six  specimens  are  now  at  hand  that  agree  well  with  the  type,  and  are  an- 
qnestionably  referable  here.  In  point  of  fact,  it  is  samuelia  alone  that  occurs  in  summer 
^ong  and  near  the  Californian  coast,  and  nearly  all  published  accounts  of  the  habits, 
nesting,  &c.,  of  the  song  sparrow  of  California  are  to  be  taken  as  referring  to  it.  This 
form  rests  chieliy  upon  its  small  size,  it  being  by  considerable  the  smallest  of  all  the  races, 
and  the  very  dark,  almost  black,  color  of  its  prominent  streakings.  But  it  is  upon  a 
basis  of  size  alone  that  it  can  be  separated  from  heermanni^  both  agreeing  in  essential 
points  of  coloration.  In  fact,  the  question  might  well  be  raised  whether  it  is  neces- 
sary to  recognize  by  distinct  names  two  forms  from  this  region.  I  have  on  the  whole 
deemed  it  expedient  to  do  so,  as  the  difference  of  size,  especially  of  bill,  in  specimens 
from  the  respective  habitats  of  the  two,  as  indicated,  is  pronounced  and  quite  con- 
stant, readily  sufficing  in  the  great  majority  of  cases  for  their  identification.  Thus 
in  over  thirty  specimens  of  heermanni  from  Stockton,  Cal.,  ikindly  famished  by  Mr. 
Belding,  I  find  no  marked  differences,  and  all  the  individuals  from  the  interior 
that  have  been  examined,  representing  many  localities,  agree  in  large  size,  the  aver- 
age being  considerably  in  excess  of  those  from  the  coast.  A  series  of  nine  males,  col- 
lected about  Oakland,  for  the  opportunity  of  examining  which  I  am  Indebted  to  the 
courtesy  of  Mr.  D.  S.  Bryant,  of  San  Francisco,  are  similarly  constant  to  the  coast 
type  so  far  as  size  is  concerned,  but  vary  somewhat  in  coloration.  The  differences  are 
chiefly  as  to  the  number  and  size  of  the  black  streakings  below,  two  of  the  nine  being 
the  darkest,  and,  on  the  whole,  the  most  typical  examples  of  samuelis  I  have  seen. 

Of  the  var.  mexicana  Ridgway,  from  Southern  Mexico,  little  can  be  said,  since  the 
name  rests  upon  a  single  specimen.  This  individual  appears  to  be  recognizable  from 
the  other  races  by  its  rather  peculiar  coloration,  the  streakings  being  very  broad  as 
well  as  black,  and  by  its  small  size.  More  specimens  are  necessary  to  determine  its 
true  relations. 

Var.  guttata  next  invites  attention.  This  is  characterized  by  a  darker,  more  mfesceDt 
^pe  of  color ;  the  streaks  on  the  dorsum  are  very  indistinct,  in  some  almost  wanting. 
The  bill  is  proportionately  more  slender  than  in  any  of  the  preceding  forms. 

The  typical  home  of  this  variety  is  the  Columbia  River  region,  coastwise.  Bat  long 
before  reaching  that  point  evidence  is  afforded  by  specimens  of  intermediate  character 
of  the  change  to  appear  farther  to  the  north.  Thus  fall  and  winter  specimens  from 
Nicasio,  evidenHy  reared  farther  north,  are  unquestionably  intermediate  in  coloration 
between  aaviuelis  and^uttato,  while  during  the  past  season  specimens  were  obtained 
by  the  expedition  in  Oregon  upon  the  eastern  slope,  thus  approximating  the  habitat 
of  fallaXj  that  are  no  less  intermediate  between  that  central  region  form  and  guttataf 
the  two  forms  to  the  northward  evidently  passing,  by  insensible  stages,  into  the  latter. 
Var.  rufina  is  simply  guttata  with  the  tendencies  of  the  latter  carried  a  step  or  two 
farther,  with  increase  of  latitude.  The  rufous  of  guttata  in  extreme  cases  becomes  a 
reddish  sepia  brown  ;  the  size  is  somewhat  larger,  the  bill  rather  more  slender.  This 
is  rufina  as  found  about  Sitka  and  southward. 

Upon  certain  of  the  Alaskan  Islands  occurs  insignie.  This  gigantic  sparrow  is  dis- 
tinguished, in  addition  to  its  great  size,  by  a  much  paler,  grayer  phase  of  color  than 
its  nearest  geographical  neighbor,  rufina.  The  streaks,  instead  of  being  nearly  or  quite 
obsolete,  as  in  that  form,  are  well  defined  and  of  an  umber  brown. 

Of  i>i*i<7wi«,  Baird  and  Ridgway  say :  "Between  M.  fnelodia  of  the  Atlantia  States 
and  M.  insignis  of  Kodiak  the  difference  seems  wide,  but  the  connecting  links  in  the 
inter-regions  bridge  this  over  so  completely  that  with  a  series  of  hundreds  of  speci- 
mens before  us,  we  abandon  the  attempt  at  specific  separation.^'  *  *  "  It  cannot  be 
denied  that  the  var.  ru/ina  from  Sitka  is  nearer  inaigni^f  by  many  degn^es,  than  the 
melodia  of  the  East,  and,  as  has  just  been  indicated,  nothing  is  wanting  in  the  chain  of 
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evideDce  to  establish  the  connection  between  rufina  and  melodiu.  Bat,  while  admitting 
the  possibility  that  the  relations  between  insignis  and  rufina  may  be  a«  close  as  that  oi 
races,  we  feel  justified  in  asserting  that  the  inter-gradation,  necessary  to  establish 
this,  cannot  be  shojBvn  from  the  material  accumulated  up  to  the  present  time.  Meas- 
urements appended  below  demonstrate  that  between  the  largest  specimen  of  rufina 
in  the  collection  and  the  smallest  of  inmgnia  there  is  a  very  wide  gap.  Nor  does  there 
appear  to  be  any  known  law  of  geographical  variation  to  account  for  this. 

As  haD  been  stated,  and  in  conformity  with  a  well-known  law,  increase  of  latitude 
seems  to  be  accompanied  by  a  general  increase  of  size.  But  this  fails  of  application 
in  the  case  of  insigniSf  since  Sitka,  the  typical  locality  of  rufina^  is  in  the  same  latitude 
with  Kodiak ;  while  one  specimen  of  rufina^  by  no  means  the  largest,  is  present  from 
Lituya  Bay,  which  is  slightly  farther  north  than  that  island. 

Possibly  its  insular  habitat  may  be  deemed  sufficient  to  account  for  the  marked 
characters  of  insignis^  since  in  their  power  of  im{)ressing  peculiar  features  upon  their 
zoological  inhabitants,  islands  seem  to  have  a  law  of  their  own. 

Color  alone  considered,  although  in  this  respect  insignis  is  well  marked,  the  step  from 
rufina  appears  inconsiderable  when  it  is  remembered  the  great  change  that  has  been 
traced  between  rufina  and  melodia.  The  gap  in  size  is  much  more  impoitant.  Analogy 
in  oases  like  the  present  has  proved  far  n-om  being  always  a  safe  guide,  and  since,  by 
the  test  of  inter-gradation,  the  only  reliable  one«  in^gnii  remains  widely  apart  from 
the  others,  I  deem  it  far  safer  to  allow  inaignis  to  stand  upon  its  merits  until  its  claim 
to  distinct  specific  rank  be  actually  disproven.  ^ 

Measurements  are  appended  to  show  the  average  size  of  the  various  races ;  the  largest 
and  smallest  individuals  of  each  series  are  also  given. 


Wing. 


If.  melodia  (average  of  21  specimens)  . . . 

Largest 

Smallest 

var./aUax  (average  of  S3  specimeDs) 

Largest 

Smallest 

vor.  heermanni  (average  of  13  specimens) 

Largest . 

Smidlest , 

var.  gamueli*  (average  of  46  specimens)  . 

Largest , 

Smallest 

war.  mexieana  (one  sx>ecimen) 

var. guttata  (average  of  23  specimens)  ... 

Largest 

Smulest 

var.  rufina  (average  of  7  specimens) 

Largest  

Smallest 

M.  in$ignis  (average  of  20  specimens) 

Largest 

Smallest 


2.60 
2.T7 
2.32 
2  69 
2.92 
2.35 
2.61 
2.^0 
2.45 
2.41 
2.60 
2.13 
2.52 
2.63 
2.78 
2.42 
2.78 
2.96 
2.61 
a26 
3.40 
3.13 


TaU. 


2.80 
2.90 
2.60 
2.94 
3.17 
2.52 
2.8>J 
2.93 
2.70 
2.48 
2.64 
2.23 
2.83 
2.89 
3.14 
2.59 
2.87 
3.12 
2.64 
3.39 
a  40 
3.35 


Bill. 


.46 
.47 
.45 
.44 
.43 
.43 
.45 
.46 
.45 
.45 
.45 
.40 
.46 
.44 
.46 
.45 
.48 
.52 
.43 
.61 
.50 
.57 


Tarsna. 


Depth  of 
oulmen. 


.83 

.78 
.78 
.84 
.83 
•.77 
.84 
.84 
.83 
.84 
.86 
.76 
.87 
.90 
.93 
.83 
.92 
.93 
.87 
1.07 
1.13 
1.07 


.30 
.99 
.30 
.25 
.27 
.25 
.28 
.98 

:^ 

.96 
.93 
.96. 
.90 


.90 
.20 
.95 
.30 
.38 
.20 


if.  melodia  fallax  (Baird).    Rocky  Mountain  Sparrow. 

This  form  was  met  with  at  several  localities  at  the  foot  of  the  eastern  slope,  although 
it  is  along  here  that  the  change  towards  the  heermanni  type  is  first  indicated ;  some 
specimens,  indeed,  from  near  Carson,  Nov.,  Itppear  to  be  referable  to  the  latter  variety. 

M,  melodia  guttata  (Nutt.).    Oregon  Song  Sparrow. 

If  the  song  sparrows  taken  in  Oregon  at  the  base  of  the  mountains  in  September 
are  summer  residents,  as  is  doubtless  the  case,  then  the  habitat  of  this  race  includes 
a  restricted  portion  of  the  eastern  slope.  The  specimens  alluded  to,  from  Warm 
Springs  Agency  and  Crooked  River,  while  not  typical,  are  nearest  to  the  above  race. 
At  The  Dalles,  on  the  Columbiai,  in  October,  these  birds  were  extremely  abundant  in 
the  hedgerows  and  brier-patches  and  along  the  small  streams.  At  this  locality  the 
specimens  were  nearly  typical  guttata, 

Passerella  Swainson. 

P.  tfiaoa  megaryncha  (Bd.).    Thick-billed  Sparrow. 

This  curious  sparrow  is  present  along  much  of  the  eastern  slope  in  summer,  and 
nrobably  reaches  quite  to  the  Columbia  River.  It  was  first  seen  near  Carson,  Nev., 
May  16,  being  at  this  date  found  in  considerable  numbers  in  the  wild-ohecry  brush 
along  the  ca&on  sides.    It  was  apparently  still  on  its  way  north,  although  Mr.  Ridg- 
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way  states  that  the  bird  begins  to  move  north  about  the  Ist  of  March.  At  a  Uter 
date  I  found  the  birds  quite  common  in  the  scrub  on  the  top  of  Thompson's  Peak,- »t 
an  elevation  of  rather  over  7,000  feet ;  and  by  the  last  of  July  fully  fledged  young 
were  taken.  The  bird  is  eminently  a  mountain  form,  thick  brush  being  theprimeej- 
Bential  to  its  choice  of  a  home.  It  never,  I  think,  descends  into  the  low  valleys,  which, 
on  the- other  hand,  seems  to  be  preferred  by  the  allied  form  schistacea. 

Hedymeles  Baird. 

H,  tnelanocephalus  (Sw.).    Black-headed  Grosbeak. 

By  May  15  this  species  was  very  numerous  about  Carson,  and  appeared  to  be  mating. 
Their  food  at  this  season  appears  to  consist  largely  of  the  soft  buds  of  various  shrn^ 
especially  of  the  willows. 

How  far  north  the  species  goes  I  am  not  aware,  my  note-book  simply  furnishingibe 
statement  of  its  presence  in  Northern  California,  but  in  much  diminished  Dumbeis. 
As  it  reaches  Fort  Steilacoom  along  the  coast,  it  may  attain  a  similar  latitnde  in  tk 
interior.  Its  habits  of  nidification  appear  to  bo  everywhere  about  the  same,  and  to 
correspond  pretty  closely  with  those  of  the  rose-breasted.  Its  architecture  is  of  the 
simplest  kind,  the  nest  being  made  up  of  fine  weed-stalks  and  similar  light  materia], 
which  are  arranged  in  as  circular  a  form  as  the  stiff,  unyielding  nature  of  the  stem:<  vill 
allow.  A  lining  of  fine  rootlets  disposed  in  a  shallow  circular  form  completes  the 
structure.  This  is  almost  always  placed  toward  the  extremities  of  the  lower  limbs  of 
trees,  often  overhanging  a  stream  or  deep  ravine;  more  rarely  the  nest  is  placed  on 
bushes. 

Three  e^gs  are  occasionally  laid,  more  usually  two.  They  are  light  blue,  irrepularly 
spotted  with  reddish  brown  and  purple;  usuailj',  though  not  always,  most  thickly  at 
the  larger  ends. 

Considerable  variation  in  size  obtains  between  sets.  Two  measure  1.05  x  .73, 1.02  x  .'5, 
and  .95  X  .67,  .93  x  .(>8. 

Cyanospiza  Baird. 

C.  amccna  (Say).    Lazuli  Finch. 

A  common  summer  resident  about  Carson,  but  met  with  less  frequently  toward  the 
north.  Nevertheless,  Cooper  reports  it  from  Puget  Sound,  and  Suckley  found  it  in 
numbers  in  spring  at  The  Dalles,  Oregon.  It  was  found  by  us  to  breed  up  to  an  alti- 
tude of  7,000  feet. 

PiPiLO  Vieillot. 

P.  maculatus  megalonyx  Bd.     Long-spurred  Towhee. 

This,  the  only  form  of  the  towhee  met  with  by  us,  is  extremely  numerous  along  th« 
eastern  slope  as  high  as  the  Columbia  River.     I  fully  agree  with  Mr.  Ridg way  that 
Bpecimeus  of  the  Pipilo  found  along  the  eastern  slope  of  the  Sierras  are  absolutely  in- 
distinguishable by  external  characters  from  megnlonijx.     They  appear  to  show  no 
approach  to  orcfjoniis,  as  that  variety  is  illustrated  by  individuals  from  the  northwestern 
coast.     Nor  have  I  been  able  to  tind  in  the  habits,  songs,  and  notes  of  the  Pipilo  uf  the 
Sierras  the  striking  peculiarities  which  had  such  weight  with  Mr.  RUlgway  as  to 
induce  him  to  identify  it  as  om/<>»M>«,  iu  the  face  of  its  apparent  likeness  to  wrgahnu 
in  form  and  colors.     On  the  contrary,  the  habits  of  the  towhees,  as  they  hare  fallen 
under  my  notice  in  the  Rocky  Mountains  and  in  the  Sierras,  have  appc^ared  to  be 
essentially  the  same.    Mr.  Ridgway  was  especially  impressed  with  the  fact  that  the 
mewing  call,  which  all  observers  have  attributed  to  ine/faloni/x,  was  never  heard  by  him 
from  the  fonn  found  near  Carson.     But  a  line  in  my  note-book  records  the  fact  that 
this  same  mewing  note  was  the  onhf  one  heard  by  me  at  this  loc^iiity.     Cooper,  how- 
ever, says  that  the  call-notes  of  these  two  forms  are  alike,  so  that  they  have  uo  dis- 
tinctive value. 

In  the  matter  of  birds'  habits,  ditlering  circumstances  of  observation  enter  so  largely 
as  factors  in  the  results  obtained  by  ditl'erent  observers,  that  such  evidence  becomee, 
at  best,  but  a  precarious  means  of  discrimination,  especially  between  birds  clojelv 
related  ;  as,  for  instance,  the  members  of  the  genus  Pipilo.  Apparent  discrepancies  in 
records  are  by  no  means  always,  perhaps,  in  fact,  only  in  comparatively  rare  instances, 
attributable  to  inaccuracies  of  observation.  But  too  often  the  fact  is  overlooked,  or 
practically  ignored,  that  in  birds  of  the  same  species,  at  the  same  locality,  and  even  at 
the  same  time,  there  may  be  a  very  marked  diversity  of  habits,  which  is'an  eipres«tffl 
of  nothing  more  or  less  than  ijidividual  taste  or  the  result  of  quite  adventitious  cir- 
cumstances. Such  being  the  case,  it  is  scarcely  to  be  wondered  at  that  in  ilistaat 
localities,  where  the  observer  is  ever  on  the  alert  for  new  facta,  he  should,  not  infw^ 
quently,  be  misled  into  false  comi)ari8ons  by  a  note  new  to  his  experience,  or  woe 
hitherto  unnoticed  habit,  which,  perhaps,  had  it  been  marked  nearer  home,  w«>qW 
have  attracted  but  casual  altei\Uou, 
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By  the  above,  however,  it  is  by  no  means  intended  to  imply  that  such  matters  are 
not  entitled  to  a  place  as  aids  to  the  proper  understanding  of  the  relation  of  species 
to  each  other.  It  is  doubtless  true  that  there  is  occasionally  to  be  noticed  certain 
changes  in  respect  to  the  habits  and  songs  of  birds  that  accompany  changes  of  locality, 
and  which  may  furnish  the  first  clew  to  external  variation,  in  support  of  which  they 
may  be  adduced  as  additional  and  valid  testimony.  ,  But  it  is  no  less  true  that  the 
purely  individual  variation  in  birds'  songs  and  haoits  is  often  very  great ;  in  truth, 
such  appears  to  bo  the  rule  rather  than  the  exception ;  a  fact  which  should  be  kept 
fully  in  mind  when  such  features  are  made  to  enter  into  the  question  of  specific  or 
varietal  distinctions. 

P,  chlorurus  (Towns.)    Green- tailed  Finch. 

This  sparrow  is  rather  numerous  in  summer  along  the  eastern  slope,  and  reaches 
well  into  Oregon,  if  not,  indeed,  to  the  Columbia  River. 
Several  nest«  with  eggs  were  found  in  July. 

ALAUDID^— Larks. 
Eremophila  Boie. 

E.  alpestris  chry8ol<Bma(^)  (Wag}.).    Horned  Lark. 

The  usual  central  region  form  of  the  horned  lark  occurs  rather  numerously  about 
Carson  in  summer  upon  barrcTi  pasture  lands,  sage  brush,  and  alkaline  ilats,  &c.  Its 
breeding  range  extends  into  Southern  Oregon,  and  perhaps  even  farther  northward. 

It  appears  to  me  that  the  identity  of  this  central  region  form  with  the  chrysoltema 
of  Mexico  is  open  to  doubt  and  that  its  true  place  may  be  elsewhere.  Pending  an  ex- 
amination of  the  question,  however,  I  employ  the  name  in  current  use, 

ICTERID/E— Orioles. 

XANTU0CEPIIALU6  Bonaparte. 

X.  icta'ocephalus  (Bp.).    Yellow-headed  Blackbird.  , 

This  blackbird  is  extremely  abundant  in  all  suitable  localities  along  the  eastern 
slope  far  towards  the  Columbia  River.  In  the  latitude  of  Carson,  it  begins  to  breed 
souiewhat'  before  the  middle  of  May,  and  by  the  15th  the  tule  beds,  to  which  it 
always  resorts,  will  be  found  to  contain  nests  in  all  phases  of  construction,  while  a 
few  pairs,  more  ardent  or  enterprising  than  the  rest,  possess  their  full  complement  of 
four  eggs.  By  the  1st  of  June  nearly  every  netit  contained  "eggs  in  various  stages  of 
advancement,  while  in  not  a  few  instances  the  young  had  alreadj^  made  their  appear- 
ance. • 

The  habit  of  colonization  at  this  period  is  carried  in  this  species  to  an  extreme  not 
observable  in  any  other  of  the  family,  unless,  ])erhaps,  it  be  the  tri-colored,  as  that 
bird  is  found  in  Sonthern  California.  Thousands  liock  together  to  form  a  bappy,  noisy 
community,  their  songs  filling  the  swampy  recesses  with  a  confused  and  indescribable 
medley.  Though  by  no  means  melody  of  a  high  order,  they  fall  not  unpleasantly  upon 
the  ear  rightly  attuned  to  bird  music,  when  they  are  correctly  interpreted  as  a  mere 
rendering  into  audible  sound  of  the  overflowiua:  jollity  and  good  humor  of  the  birds 
as  they  trill  forth  the  notes  in  a  happy-go-hick}*  sort  of  style  from  the  swaying  reeds. 
The  nests,  while  usually  built  well  up  on  the  reeds  and  fastened  to  the  upper 
stalks,  are  not  always  so  situated,  but  are  occasionally,  as  was  noticed  in  several  in- 
stances at  Washoe  Lake,  placed  close  to  the  marshy  ground  among  the  coarse  grasses. 
When  such  is  the  civse,  the  structure  is  very  similar  to  that  of  the  common  rod-wing 
under  like  circumstances.  As  the  nests  so  placed  were  among  the  earliest  found,  it  is 
probable  that  the  more  usual  positions— high  up  on  the  reeds — is  exchanged  for  one 
affording  better  protection  and  security  for  the  early  broods. 

Dr.  Cones  tells  us  that  the  nuiles  appear  to  desert  the  females  during  the  period  of 
incubation.  But  if  this  be  a  matter  of  observation,  I  think  it  is,  to  say  the  least,  un- 
usual. I  have  found  the  males  of  this  species  as  domestic  in  their  habits  and  as  assidu- 
ous in  attention  to  their  j'ouug  as  any  of  the  family.  It  is  true,  as  observed  by  Mr.  Nel- 
son, that  they  are  much  shyer  than  their  mates,  the  natural  result  of  their  morecon- 
spicnous  colors  and  their  distrust  of  danger  on  account  of  this.  Th^  are  hence  less 
often  seen  about  the  nest  when  it  is  disturbed. 

Agel^us  Vieillot.   . 

A.  phccniceus  (L.).     Red-winged  Blackbird. 

An  abundant  summer  resident  along  the  eastern  slope.  More  or  leas  winter  aboat 
Carson. 
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A,  phoBniceus  gubernator  (Wagl.).    Red  and  Black-shoalderod  Blackbird. 

This  form  is  less  abundant  than  the  former  as  well  as  less  generally  distributed 
along  the  eastern  slope.  It  appears,  as  a  rule,  not  to  be  found  much  east  of  thisIioB, 
but  it  is  reported  from  Camp  Harney,  Oregon,  by  Captain  Bendire.  It  is  uotio^bleia 
this  connection  that  none  of  the  specimens  which  are  referable  to  this  form  from  local- 
ities east  of  the  mountains  represent  it  in  its  typical  condition.  Thus  from  tbeoeigb- 
borhood  of  Reno,  Nov.,  at  the  eastern  base  of  the*  Sierras,  close  to  the  border  of  C«t 
iforuia,  we  have  a  series  of  specimens  the  males  of  which  have  the  crimson  should^ 
patch  bordered  narrowly  with  light  buff,  each  feather  of  which  border  is  hlack-l^tL 
Such  individuals  appear  to  be  just  about  half-way  in  development  towards  ffuherU^. 
It  is  interesting  to  note  thatiu  this  same  locality  the  A.  phanicetis  is  also  present  (botk 
breeding),  and  in  as  truly  typical  dress  as  anywhere  in  the  West.  What  propokioa 
of  individuals  represent  either  form  I  cannot  say,  but  believe  that  by  far  the  Isifot 
percentage  of  the  agelofi  here  are  phamioeus. 

It  would  thus  appear  as  though  the  eastern  blackbird  extends  to  aboot  the  Umo{ 
the  mountains  unchanged ;  that  here,4)he  influences,  as  of  climate,  &.o.,  first  begin  to  be 
felt,  which,  only  partially  operative  here,  as  they  become  intensified  farther  to  tbe 
west  result  in  effecting  the  color  change  which  is  seen  in  typical  gubernator.  In  Uits 
instance  it  would  appear  that  the  innnencee  are  sufficiently  strong  to  affect  only  i 
proportion  of  individuals,  which  from  obscure  reasons  are  more  susceptible  to  tbBii 
workings;  while  the  majority  remain  true  to  their  type. 

If,  as  is  usually  understood  to  be  the  case,  color  varieties  are  identifiable  witb  eer- 
tain  limited  areas  of  distribution,  it  follows  that,  as  in  the  present  instance,  whenUu 
species  inhabits  continuously  a  wide  region,  the  changes  of  environment  are  more  or 
less  gradual,  and  hence  at  certain  points  or  along  a  certain  line  of  distribution  it  ii 
brought  under  conditions  which  are  intermediate  in  character  and  force— a  sort  o{ 
neutral  ground,  as  it  were.  From  such  regions  come  the  specimens  which,  thoagh  oftn 
the  cause  of  no  little  perplexity  to  the  naturalist  from  the  difficulties  in  the  wajof 
their  proper  identification,  are  yet  full  of  interest  as  furnishing  indubitable  proof  of 
the  intergradation  of  forms. 

» 

Sturnella  Vieillot. 

S,  magna  neglecta  And.    Western  Meadow  Lark. 

Very  numerous  throughout  this  whole  region.  * 

Most  of  the  nests  discovered  were  arched  over,  thus  conforming  to  the  usual  pIso  of 
structure.  In  one  instance  the  birds  seemed  to  find  the  protection  of  the  tall  gna 
an  ample  safeguard,  and  the  nest  was  merely  a  fiat  open  structure,  with  no  attempt  at 
a  roof.  , 

Icterus  Brisson. 

/.  hullocki  (Swains.).    Bullock's  Oriole. 

Very  numerous  about  Carson  and  to  the  northward  along  the  base  of  the  monntabii 
up  to  the  Columbia  River. 

Begins  to  nest  about  Carson  about  the  middle  of  May.  After  their  arrival  and  6vi- 
ing  the  early  part  of  the  summer,  the  orioles  in  this  locality  appear  to  obtain  bnt  very 
little  of  their  subsistence  among  the  trees,  but  resort  in  pairs  to  the  hillsides,  when  on 
the  ground  amoug  the  sage  bushes  they  appeared  to  glean  a  full  harvest.  The  exact 
nature  of  this  I  did  not  ascertain ;  it  is  probably  though  some  species  of  worm  or  cat- 
erpillar that  infests  these  plants. 

ScoLECOPHAGUS  Swaiuson. 

* 

S,  cyanocephalus  (Wagl.).    Brewer's  Blackbird. 

This  blackbird  is  extremely  abundant  throughout  this  whole  region  asasnmmervis- 
itant,  while  more  or  less  remain  tb  rough  the  winter. 

Elsewhere,  as  in  the  Rocky  Mountains,  I  have  found  little  disposition  on  thepartof 
this  species  to  gather  into  communities  at  the  breeding  season.  6ut  in  this  region  it  is 
comparatively  unusual  to  find  this  blackbird  breeding  in  other  than  large  colonies, 
and  I  have  found  a  dozen  nests  in  the  space  of  thirty  or  forty  yards. 

The  eggs  of  no  one  of  our  birds  are  subject  to  greater  extremes  of  variation  than  tboes 
of  the  Brewer's  Mackbird.  The  differences  are  apparent  not  only  in  the  amoont  of 
markings  and  their  particular  shade  and  character,  but  also  include  much  variation  in 
size  and  shape. 

CORVIDiE— Crows. 

CORVUS  Linnaeus. 

The  question  of  the  existence  in  the  Pacific  province  of  a  species  or  variety  of  crow 
different  from  americanus  and  ossi/rogus  is  an  interesting  one,  and  a  discussion  of 
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• 
of  the  points  iDvolved  will  not  be  uninteresting,  even  if  an  entirely  definite  and  satis- 
factory conclasion  respecting  the  relationships  of  the  eastern  and  western  birds  be  not 
reached.  •  The  name  caHrinus  was  proposed  by  Professor  Baird  in  1858  for  a  crow 
inhabiting  the  northwestern  coast,  and  specimens  were  cited  from  Puget  Sound  and 
Washington  Territory.  The  characters  of  the  supposed  species  rested  mainly  upon  its 
smaller  size,  together  with  certain  peculiarities  of  habits  and  notes.  But  from  the  first, 
the  exact  habitat  and  statas  of  the  new  species  appears  to  have  been  somewhat  doubt- 
ful, as  at  the  time  of  description  the  above  author  included  under  awerioaniM  a  number 
of  specimens  from  contiguous  regions  in  California  and  Washington  Territory,  their 
distinctness  from  the  newly-described  caurinu8  being  assumed  entirely  on  account  of 
their  large  size,  no  other  differences  being  discernible.*' 

Since  then  the  different  habits  and  notes  of  the  crows  of  the  Pacific  coast  have  b^n 
remarked  in  turn  by  nearly  every  observer  who  has  visited  that  region,  and  appear  to 
have  been  the  main  cause  of  the  retention  of  caurinus^  either  as  a  distinct  species  or  a 
geographical  race  of  the  common  crow.  In  fact,  habits  and  notes  aside,  no  one  appears 
to  have  been  able  to  find  a  single  tangible  character  by  means  of  which  the  so-called 
caurinus  was  to  be  recognized.! 

Thus  Captain  Bendire,  in  his  list  of  Camp  Harney  birds,  in  which  he  gives  oaurinua 
as  a  "rare  summer  resident,''  remarks:  ''  If  it  were  not  for  their  [that  is, oaurintM  and 
americanus'i  totally  different  habits,  I  could  see  no  really  good  reasons  for  separating 
this  species.'' 

Dr.  Coo|)er  seems  to  have  been  equally  doubtful  of  the  relations  of  caurinuif  and 
says,  in  "  Birds  of  California,"  "  I  am  now  satisfied  that  there  is  but  one  species  of 
crow  on  this  side  of  the  continent,  and,  if  distinguishable  at  all  from  the  eastern,  it  is 
by  its  smaller  size,  less  graduated  tail,  more  gregarious  habits,  and  different  voice."  In 
conformity  with  this  view,  he  includes  in  the  habitat  of  oaurinuSf  not  only  the  Paciffo 
coast,  but  the  region  **east  to  the  northern  Rooky  Mountains,"  thus  entirely  excluding 
americanus  from  the  Pacific  region. 

Assuming  the  position  taken  by  Dr.  Cooper,  that  but  one  species  of  crow  is  repre- 
sented upon  the  west  side  of  the  continent,  I  have  been  able,  after  a  careful  examina- 
tion and  measurement  of  all  the  material  afforded  by  the  Smithsonian  collection,  to 
verify  the  statement  of  the  smaller  size  of  the  crows  from  the  Pacific  States  only  as  a 
flight  average^  while  among  specimens  from  this  region  are  some  of  the  largest  indi- 
viduals I  have  seen — three,  respectively  from  Tulare  Valley,  Southern  Ca^lornia; 
Fort  Crook,  Northern  California;  and  Camp  Harney,  Oreg.,  being  matched  in  size  by 
but  few  from  the  Eastern  States.  Nor  do  the  strictly  coast-inhabiting  birds  appear 
to  be  much,  if  any,  smaller  than  those  from  interior  districts.  At  least  they  are  not 
constantly  so,  since  Dr.  Cooper  says  "  the  smallest  specimens  I  have  seen  were  col- 
lected by*Mr.  F.  Gruber  on  the  west  slope  of  the  Sierra  Nevada,  about  latitude  38°  3(K." 

The  shape  of  the  tails  of  west  coast  specimens  appears  to  vary  in  no  particular  from 
eastern,  and  I  am  fully  convinced  that  it  is  in  vain  to  attenipt  to  separate  the  crowa 
of  California,  Nevada,  Oregon,  and  probably  Washington  Territory  from  americawuB 
by  definite  and  reliable  external  character,  the  range  of  that  species,  therefore,  in  my 
opinion,  embracing  the  Pacific  as  well  as  the  Central  region. 

But  from  the  region  north  of  Washington  Territory  the  crows  appear  to  undergo  a  gen- 
eral diminution  in  size,  this  being  especially  marked  in  respect  to  the  length  of  tarsus ;  all 
the  specimens  at  hand  from  the  northwest  coast  (including  one  from  Shoal  water  Hay) 
agi^pe  in  small  size  and  extremely  short  tarsus.  The  general  size  of  these  birds  is  but 
little  in  excess  of  the  average  of  ossifragus.  But  in  no  other  particular  are  they  like 
that  species,  being,  in  fact,  save  in  the  one  particular  of  size,  indistinguishable 
from  eastern  americanus.  It  was  remarked  by  Professor  Baird  that  the  Cwvida  appear 
to  form  an  exception  to  the  geitieral  rule,  and  that  "  the  same  species  in  southern  lo- 
calities are  larger  than  those  from  points  farther  north."  This  statement  will  require 
qualification  in  the  case  of  Corvns  var.  floridanusj  which,  while  averaging  in  general  siae 
a  trifle  smaller  than  Northern-born  birds,  yet  offers,  in  the  increased  size  of  bill  and 
feet,  a  marked  contrast  to  them.  But  as  applied  elsewhere  in  the  United  States  the 
statement  appears  to  hold  good,  and  especially  on  the  other  side  of  the  continent, 
where  a  decrease  of  size  with  incr<'ased  latitude  appears  to  be  the  rule.  Possibly  this 
simple  statement  of  fact  is  all  that  the  difference  in  size  exhibited  by  the  crows  of  the 
extreme  northwest  reqnires. 

As  considerable  stress  has  been  laid  upon  the  different  habits  of  caurinus  it  may  be 

*  Prof.  Baird  further  remarks  of  caurinus,  after  enumerating  the  pointa  by  which  it  may  "readily  be 
dUtiogniRhed  from  the  enatem  fish  crow  "  "it  is  so  much  like  the  Corvus  ainerieanus  as  to  be  onlv  dis- 
tingutshable  by  iu  inferior  size  and  habits.  Indeed,  it  is  almost  a  question  whether  it  be  more  toan  a 
dwarfed  race  of  the  other  species." 

t  Id  the  recent  work,  "  Birds  of  North  America,"  by  Baird,  Brewer,  an4  Ridgway,  a  further  distinct* 
ive  feature  is  assigned  to  eaurinus,  vis,  the  fact  that  the  tarsus  is  shorter  than  the  nill.  But  this  state- 
ment resulted  from  an  incorrect  method  of  measurement,  as  Mr.  Ridgway  now  informs  mo,  the  tarsus 
being  measured  on  its  anterior  surface,  at  the  end  of  the  feathering,  instead  of  from  the  joint,  thus  giv* 
ing  a  length  too  short  by  a  very  appreciable  amount.  With  the  exception  of  the  diminutive  Mexican 
species  (c.  msxicanus)  all  the  Kortn  American  crows  agree  in  having  the  tarsus  longer  than  the  bill. 
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well  to  consider  these  briefly ;  and,  first,  it  is  to  be  remarked  that  nearly  all  the  dif- 
ferences in  habits  and  notes  appear  to  apply  as  well  to  the  crows  found  thronghoat 
California,  Oregon,  and  Washington  Territory  as  to  those  of  the  region  to  th^  north. 
while,  as  has  just  been  stated,  it  is  only  in  the  latter  region  that  these  are  accompanied 
by  a  single  salient  character  that  will  serve  to  identify  the  skins. 

If  habits  be  taken  as  the  te^t,  then  all  alike — those  from  the  far  interior  of  Oregon 
as  well  as  from  the  coast,  from  California  northward — must  be  held  t-o  be  caunutt, 
although,  as  has  been  stated,  a  large  proportion  of  specimens  from  Washington  Terri- 
tory southward  absolutely  differ  in  no  particular  of  form  or  color  from  others  from 
the  Eastern  States. 

If,  on  the  other  band,  small  size,  as  exemplified  especially  in  the  short  tarsos^be 
helj  sufficient  to  characterize  the  race,  then  those  only  from  north  of  Washingtoa 
Territory  are  eligible  to  the  name ;  and  all  from  below,  although  sharing  io  tbebabiU 
which  have  been  held  to  distinguish  caurinuSf  must  be  considered  as  americ^inwij  oot* 
witl^standing,  too,  the  additional  fact  that  the  measurements  of  some  few  of  the 
smallest  of  these  latter  approximate  somewhat  closely  to  Alaska  specimens. 

It  may  be  added  that  while  observers  agree  in  the  general  statement  of  the  pa- 
session  by  the  so-called  caunnna  of  peculiar  habits,  the  accounts  of  each  vary  as  to  the 
details,  change  of  locality  evidently  producing  a  corresponding  change  in  habits.  Thai 
the  domed  nests,  made  of  mud,  which  cnurinus  is  said  by  Lord  to  build  aboat  Sitki, 
differ  entirely  from  those  found  by  Bendire  in  Oregon,  and  by  Cooper  in  Califunji*, 
which  resembled  the  usual  style  of  the  common  crow.  Nor  do  the  piscivorous  habits  of 
caurinus  offer  anything  very  distinctive,  since  they  are  shared  by  the  common  crow  of 
Florida  {var.  floridanus),  which  there  has  many  of  the  ways  of  the  true  fish  crow  {qu^ 
fra{fus)i  About  Washington,  too,  the  common  crow  and  fish-crow  go  in  associate  bandi, 
and  their  notes  alqne  can  be  relied  upon  to  identify  them  as  they  feed  together  along 
the  river.  As  further  evidence  of  the  varying  habits  of  the  crows,  it  may  be  stated 
that  in  this  locality  the  fish  crow  in  turn  often  abandons  its  usual  littoral  hanutsfor 
the  plowed  fields  and  pastures  of  the  interior.  In  fact,  with  birds  i>o68e«8iDg  the 
omnivorous  taste  of  the  crows  it  appears  to  be  quite  a  matter  of  accident  that  deter- 
mines their  hunting  grounds,  those  where  food  is  most  abundant  and  readiest  at  band 
being  the  favorite;  hence,  of  course,  its  nature  varies  indefinitely  with  locality  and 
circumstances. 

The  a^eged  more  pronounced  gregarious  habits  of  caurinus^  even  allowing  all  that 
is  claimed,  are  probably  but  the  result  of  exceptional  conditions,  and  ap(>ear  t^^be  car- 
ried in  the  northwest  but  little  farther  than  is  observable  in  the  common  crow  at  the 
East.  Even  on  the  Pacific  coast  the  habit  of  breeding  in  colonies  is  far  from  imiversaL 
When  such  colonies  are  formed  they  are  as  likely  to  be  the  resnlt  of  necessity  as  of 
choice.  As,  for  instance,  when  favorable  breeding  grounds  are  scarce,  a  more  or  less 
extensive  colonization  must  necessarily  follow,  which  is  less  marked  wjieu  other  con- 
ditions prevail. 

As  to  notes,  this  much  may  safely  be  stated,  that  some,  at  leawt,  of  the  crows  of  the 
Pacific  province  have  a  note  different  from  the  usual  one  of  anwricantts.  As  Dr.  CiwptT 
says,  this  "  difVers  rather  in  tone  than  in  character."  In  other  words,  it  is  the  oM-fabh- 
ioned  caw,  but  uttered  in  a  diflerent  tone.  In  Southern  California,  near  the  coast, and 
in  Oregon,  east  of  the  mountains,  I  have  on  many  occasions  heard  this  note,  which  has 
strongly  suggested  that  of  osnii'i'wjnn,  and  w  hich  I  then  took  for  granted  as  l>elongiD? 
to  wnrinus.  But  in  every  such  instance  the  well-known  ringing  caws  of  ai«fn>d»ii* 
were  recognized  from  the  same  Hock.  Of  six  or  eight  individuals  shot  from  th^ 
iiocks  all  proved  to  be  iudistinguisliuble  from  ameriainas,  and  at  the  time  I  pre»uiueJ 
the  particular  individuals  of  cannnuH  must  have  escaped  me.  Now,  however,  I  f«l 
tolerably  well  assured  that  all  alike  were  amcricanusj  th©  notes  varying  in  individuals. 
Mr,  Ridgway,  on  the  other  liand,  informs  me  that  in  his  experience  iu  the  Sacraiiieoto 
Valley,  Nevada,  &c.,  he  never  heard  any  but  the  common  note  of  americanua. 

In  conclusion,  the  general  tenor  of  the  change  of  habits  of  the  Pacific  crow,W)farii 
any  are  to  be  noticed,  is  in  the  direction  of  the  fish  crow  (ossi/ragu^i),  and  by  at  ]e»*t 
one  author  the  two  have  been  regarded  as  identical.  But  in  the  proportions  of  certain 
parts  and  in  colors  they  are  very  <listinct  from  onsifraguSj  which  may  readily  and  intal* 
libly  be  distinguished  from  the  common  crow  from  whatever  locality  by  a*  number  of 
well-defined  cliaracters. 

At  present  I  deem  it,  on  the  whole,  advisable  to  recognize  a  race  of  the  common  erow 
from  the  extreme  northwest  coast,  from  Puget  Sound  northward,  aasiguing.  a.<i  char- 
acter's, small  size  in  general,  and  especially  a  short  tarsus,  at  the  same  time  admitting 
the  possibility  that  a  larger  series  from  the  region  in  question,  together  with  additional 
data  concerning  habits,  &c.,  may  suffice  to  show  its  distinctness  as  a  species.  On  tbe 
other  hand,  I  am  assured  that  no  features  are  to  be  found  attaching  to  the  crows,  eith& 
of  the  west  coast  or  interior  south  of  the  above-mentioned  point,  that  will  warrant  the 
maintenance  of  a  name.    They,  at  least,  are  amerlcanus, 

A  series  of  nieasurements  is  appended  below  to  afford  means  of  comparison  of  the 
crows  of  eastern  and  western  United  States. 
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AHERICAXUB. 

of  Rocky  Mountains  : 

e  of  25  specimens 

;  individual  (Massacliusetts) 

it  individual  (New  Mexico) .,. . 

>niia  and  Oregon : 

e  of  6  specimens 

1  individual  (Fort  Crook,  Cal.) 

it  individual  (Stockton,  Ca^.) 

VAR.  CAUBIXU8. 

t  Sound,  Alaska :   *  • 

e  of  7  specimens 

individual  (Puget  Sound) 

t  individual  (AJaska) 

VAB.   FLO  RID  ANUS. 

la: 

0  of  4  specimens 

indi  viaual 

t  individual 


Wing. 

Tail. 

Bill. 

Taraus. 

12.36 
13.00 
11.50 

7.24 
7.45 
7.00 

1.85 
2.00 
1.72 

2.39 
2.60 
2.25 

11.78 
12.90 
11.00 

7.21 
7.95 
6.80 

1.78 
1.95 
1.60 

2.30 
2.23 
2.23 

10.82 
11.60 
10.25 

6.68* 

7.25 

6.00 

1.70 
1.88 
1.68 

2.00 
2.12 
1.95 

12.05 
12.50 
11.45 

7.12 
7.25 
7.00 

2.04 
2.10 
1.93 

2.49 
2.50 
2.49 

M*rorM»,  Bartr.    Americau  Raven. 

sideut  species;  more  or  less  common  everywhere  save  in  the  higher  mountain 

ts. 

kmid  Lake,  Nevada,  forms  a  favorite  resort  for  ravens  during  the  summer,  aa 

rpendicolar  and  inaccessible  cliffs  about  certain  parts  of  the  lake  present  an 

ance  of  sheltered  ledges  and  cavities  where  they  love  to  place  their  nests.    I 

X  that  in  one  spot  several  pairs  had  built  within  the  space  of  a  few  yards,  a 

hat  unusual  circumstance,  as  ravens  are  not  apt  to  be  socially  inclined  at  this 


ricanusy  And.    Common  Crow. 

ough  by«no  means  as  generally  distributed  in  the  far  West  as  in  the  Eastern 

the  crow  is  yet  found  in  probably  each  and  all  of  the  States  and  Territories 
f  the  Mississippi.    At  all  events  it  has  not  been  wanting  in  any  of  those  entered 

parties. 

ther  its  presence  in  the  more  remote  Western  States,  as  affirmed  by  many  of  the 
8,  is  a  comparatively  recent  event,  or  whether  the  cultivation  of  the  wilderness 
e  orchards  and  grain  fields  that  have  succeeded  the  advent  of  the  pioneers  have 

been  the  means  of  bringing  the  crow  into  direct  contact  with  man,  and  so 
king  its  presence  felt,  are  questions  not  easy  to  determine.  I  am  inclined  to 
»,  however,  that  the  crow  bad  ftiade  good  a  squatter's  right  to  the  country  long 
the  date  of  the  white  man's  possession,  and  to  attribute  Its  present  unquestion- 
reater  abundance  in  sections  and  territories  where  at  first  it  was  unnoticed  to 
:t  of  the  concentration  of  the  species  into  civilized  districts,  where  its  sagacity 
kught  it  a  living  was  to  be  had  the  easiest. 

v"e  never  heard  laid  to  the  door  of  the  crow  the  charge  of  any  serious  depro- 
i  on  the  com  and  grain  fields  of  the  new  Territories,  and  fancy  that  the  knavish 
of  its  eastern  cousins,  that  have  earned  them  so  bad  a  name,  have  not  spread  so 
issibly  another  reason  for  suj)po8ing  that  the  western  birds  are  not  recent  migrants 
he  east,  else  surely  they  had  not  left  behind  such  profitable  tricks  as  pulling  up 
sprouted  corn  and  other  devices  of  a  like  nature.    Doubtless  its  natural  food 

more  abundant,  and  hence,  the  struggle  for  existence  being  less  sharp,  the  crow 
b  less  needful  to  employ  its  wits  to  tlie  end  of  getting  a  living  at  other  folks' 
e. 

regon,  especially  east  of  the  mountains,  crows  are  very  numerous  indeed,  and  I 
my  large  flocks  on  the  various  cattle  ranges,  as  well  as,  later  in  fall,  on  the  stub- 
ds.  Meadowy  pasture  land  and  the  vicinity  of  streams  are  the  favorite  resorts, 
ly  difference  between  them  and  the  *•  Jim  Crow"  of  the  east  that  I  could  detect 
:.  times,  a  difference  in  the  cawing  note,  which,  however,  as  stated  above,  seemed 
ch  only  to  individuals,  the  greater  number  in  the  various  flocks  holding  to  the 
hioned  caw. 
'*  6mell  for  gunpowder"  has  evidently  not  been  cultivated  to  the  extent  that  is 
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popularly  attributed  to  the  New  England  crow,  and  it  proved  a  comparatiTely  Miy 
matter  to  obtain  specimens.  However,  what  crows,  no  matter  where  batched,  dtmH 
know  about  taking  care  of  themselves  is  very  soon  acquired,  and  a  very  little  expeh^tn 
will  be  found  to  go  a  long  ways  with  them.  Naturally  the  crow  is  no  shyer  than  other 
large  birds,  and  its  extreme  wariness  at  the  East,  instead  of  being  an  indication,  m 
some  writers  are  prone  to  construe  it,  of  a  natural  trait,  is  simply  due  to  penecatioD, 
and  to  it  alone. 

PicicORVUS  Bonaparte. 

P.  columbianus  (Wils.).    Clarke's  Crow. 
A  constant  and  abundant  resident  of  the  pineries. 

Gymnokitta  Maximilian. 

G.  cyanocephalus  (Maxim.).    Maximilian's  Jay. 

A  numerous  and  constant  resident  of  the  low  ranges  of  piiion  hills.  Along  rnueh  of 
our  route  from  Northern  California  northward  along  the  base  of  the  Sierra  and  Caecadfi 
Ranges  this  jay  was  entirely  absent,  the  nature  of  the  country  being  unsuited  to  itp 
peculiar  economy.  At  certain  points  in  the  Des  Chutes  Basin,  however,  it  was  noticed 
in  great  numbers.  Here  they  were  feeding  upon  a  purple  berry,  the  source  of  which 
I  could  not  ascertain,  but  of  which  their  crops  were  full,  as  well,  too,  ux>on  the  seedi 
of  the  yellow  pine. 

I  am  indebted  to  my  friend  Mr.  H.  G.  Parker,  of  Carson,  Nev.,  for  an  aceoonliol 
the  nesting  habits  of  this  jay  in  his  neighborhood.  He  informs  me  that  late  in  Maieh 
thousands  breed  upon  the  pi&on  hills,  tbe  colonies  consisting  of  a  variable  number  of 
pairs ;  occasionally  isolatea  nests  are  found,  but  this  appears  to  be  rather  exceptional 

Eggs  were  taken  April  10. 

The  single  nest  he  has  sent  for  examination  shows  an  unexpected  decree  of  taste  and 
skill  in  the  arrangement  of  the  material,  which  is  drawn  very  largely  from  the  pifions. 
An  external  base  of  twigs,  which  appear  to  have  been  broken  off  from  the  ends  of  the 
branches,  affords  firm  support  for  the  nest  proper,  which  is  a  compact,  deeply  holloved 
cup,  made  of  strips  and  shreds  of  bark  from  the  sage  bush.  Finer  strippings  of  the 
aame  with  a  few  straws  complete  the  lining. 

The  nest  is  usually  placed  near  the  top  of  the  tree,  sometimes  near  the  extremitifli 
of  the  branches,  occasionally  close  to  the  trunk.  In  any  event  it  is  but  a  few  feet 
from  the  ground,  for  the  pifion  rarely  indeed  att<ains  a  height  of  twenty  f^t. 

The  coloration  of  the  eggs  is  very  peculiar,  and  they  are  unlike  those  of  any  other 
jay  that  I  have  ever  seen.  They  are  greenish-white,  marked  with  nomeroni  ipoti 
of  brown  and  purple.  As  usual,  this  latter  tint  is  due  to  the  overlaying; crust  of  ^ell, 
and  is  not,  strictly  speaking,  a  normal  color.  The  markings  are  thickest  at  the  greater 
ends,  and  tend  towards  aggregation  in  circles.  A  set  of  four  eggs  measure  (1.37x^7)', 
1.27  X. 88,  1.27  X. 87. 

Pica  Vieillot. 

P.  melanoleuca  hudsonica  (Sab.).  Magpie. 

In  the  settled  portions  of  Nevada  and  Eastern  California  of  slight  elevation,  ind 
especially  in  the  wooded  tracts  that  mark  the  courses  of  the  streams,  the  magpie  is  ft 
constant  resident,  and  one  which,  from  its'.size  and  general  conspicuousnees,  is  not  liahle 
to  be  overlooked.  The  thickets  along  the  Carson  River  serve  as  favorite  breeding 
grounds  for  great  numbers  of  this  species ;  in  fact,  I  have  never  seen  it  more  abundant 
than  here. 

As  noisy  and  as  easily  irritated  into  vociferous  demonstration  as  is  the  magpie  under 
ordinary  circumstances,  no  sooner  has  the  breeding  season  fairly  begun  than,  under 
influence  of  the  new  feelings  and  emotions  that  have  sprung  into  existence,  our  magpifi 
seems  to  lose  its  voice,  and,  from  being  one  of  the  most  garrulous  of  the  feathered 
community,  subsides  into  a  very  quiet  and  matter-of-fact  sort  of  individual,  as  if  per- 
fectly aware  of  the  danger  its  usual  boisterousness  is  likely  to  bring  upon  its  home. 
To  prove  that  this  quiet  demeanor  is  but  a  cloak  assumed  for  a  season,  in  obedience 
to  an  instinctive  apprehension  of  danger,  it  is  only  necessary  to  approach  with  too 
curious  eyes  the  nest  of  one  of  a  community  of  pairs,  especially  if  it  chance  to  con- 
tain young.  Under  such  circumstances  the  intruder  will  find  himself  the  target  for 
imprecations  and  anathemas,  delivered  with  such  unction  and  effect  from  a  dozen 
an^y  throats,  that  he  will  probably  be  ^lad  to* finish  his  investigations  in  a  hurry  vi<d 
retire  from  the  ground.  In  such  a  strait  the  pairs  make  common  cause,  and  theiz 
audacity  is  in  strong  contrast  to  their  usual  wariness. 

In  the  neighborhood  of  Carson  every  thicket  of  sufficient  density  to  screen  its  balky 
nest  contains  one,  of tener  several,  of  the  structures,  that  are  so  characteristio  aa  t» 
at  once  proclaim  their  ownership. 
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While  the  magpie  is  to  no  inconsiderable  extent  a  sharer  in  the  natural  cunning,  so 

I  Qstly  attributed  to  its  relatives  the  crows,  a  fact  in  its  history  now  and  then  comes 

'^o  notice  which  would  appear  at  first  thought  to  negative  the  possession  of  this  trait ; 

WkB,  for  instance,  the  place  and  position  in  which  their  nests  are  occasionally  found.    Not 

only  do  these  often  seem  to  be  imperiled  by  their  proximity  to  the  ground,  being 

aometimes  but  a  foot  or  two  above  it,  but  at  times  not  the  slightest  attention  will  be 

^aid  to  their  concealment.    I  have  in  mind  a  certain  point  along  the  Carson  River 

'vrhere  some  dead  trees  are  (ound,  in  which  the  magpies  nave  nested  for  apparently  a 

Xong  period,  and  where  their  nests  are  visible  for  a  distance  of  many  hundred  yaitls. 

-But  as  a  matter  of  fact  the  eggs  or  young  are  less  liable  to  danger  than  would  at  first 

'thought  be  supposed,  and  doubtless  expenence  has  taught  the  birds  this.    In  selecting 

sticks  and  twigs  for  the  outer  nest  the  magpie,  probably  by  design,  chooses  such  as,  ht)m 

^heir  scraggly,  thorny  nature,  they  are  enabhed  to  so  firmly  interlock  that  all  chance  of 

forcible  entry  except  through  the  small  aperture  in  the  side  left  for  the  purpose  is  cut 

«ff,  and  every  foe  provided  against  except  D&an  alone.    Indeed,  I  have  myself,  more 

than  once,  found  it  a  far  from  easy  matter  to  gain  the  interior  through  this  thorny 

iMirrier. 

So  far  as  humans  are  concerned  the  magpies  have  but  little  to  fear,  as  their  market- 
able value,  fortunately  for  themselves,  amounts  to  next  to  nothing.  For,  not  with- 
standing.the  fact  that  they  may,  when  taken  in  hand  young,  be  readily  tamed  and, 
after  the  proper  i&anipnlation,  be  taught  to  talk,  they  are  so  noisy  and  their  disposi- 
tions so  extremely  mischievous,  that  a  short  experience  osnally  results  in  their  being 
voted  a  nuisance,  and  henoe  they  stand  in  low  favor.  So  a  few  taken  for  pets  and 
an  joccasional  nest  destroyed  by  mischievous  boys  sum  up  the  dangers  of  the  magpie's 
hodsekeeping. 

The  labor  of  this  is  pretty  evenly  divided.  Upon  the  females  devolves  the  main 
task  of  incubation,  relieved  now  and  then  by  their  partners.  The  latter  are  away 
from  home  most  of  the  time  busily  occupied  in  foraging,  since  not  only  have  they  their 
own  appetites  to  appease,  but  it  is  their  duty  to  provide  for  the  females  engaged  in 
their  enforced  duty.  Upon  the  appearance  of  the  young  both  birds  share  equally  in 
attention  to  their  wants. 

About  Carson  the  eggs  are  not  deposited  before  the  Ist  of  March,  but  as  late  as  the 
12th  of  May  quite  a  number  of  nests  were  found  to  contain  fresh  eggs. 

Ctanura  Swain  son. 

C  $t€llerifr<mtali8,  Ridgw.    Blue-fronted  Jay. 

This  form  of  the  Steller's  jay  has  been  traced  by  the  expedition  from  the  Coast  and 
Sierra  Ranges  of  Southern  California  into  the  Cascade  Mountains  of  Oregon,  and  so  on 
np  to  the  Columbia  River,  at  which  point,  hoavever,  the  form  does  not  cease,  but  con- 
tinues into  Washington  Territory. 

Aa  is  well  known,  this  bird  is  represented  in  the  Rocky  Mountains  by  the  long- 
ereeted  variety,  in  which  the  streaks  of  the  forehead  are  of  a  faint  bluish- white  instead 
of  blue,  and  the  upper  eyelid  is  conspicuously  patched  with  white.  Two  specimens 
eolleoted  at  the  base  of  the  Cascade  Range  are  worthy  of  note  in  this  connection,  since, 
while  they  represent  the  normal  frontalis  type  in  every  other  particular,  both  show  un- 
mistakable traces  of  this  white  patch,  which  in  one  is  quite  conspicuous ;  a  hint,  as  it 
were,  of  the  new  character  to  be  assumed  farther  to  the  eastward. 

A  description  of  the  young  in  first  plumage  is  subjoined. 

First  plumage. — Above,  dark  plumbeous ;  head  darker,  with  no  trace  of  blue  streaks  on 
forehead ;  wings  blue,  barred  with  black,  as  in  adult ;  belly  light  blue ;  breast  and 
throat  plumbeous;  chin  with  light  space. 

Cyanocitta  Bonaparte. 

C.flaridanus  califomicus  (Vig.)-    Califomian  Ground  Jay. 

Numerous  in  the  brushy  foot-hills  to  a  considerable  distance  north  of  Carson,  Nev. 
A  single  specimen,  the  only  one  seen,  was  taken  at  The  Dalles,  on  the  Columbia,  Oc- 
tober 4,  and  it  perhaps  occurs  here  and  there  over  the  intervening  ground. 

Nuttall  found  the  species  common  at  Fort  Vancouver,  on  the  west  side  of  the  Cas- 
cade Mountains,  in  October,  and  indicates  its  occurrence  as  far  north  as  the  Frazer's 
River.  This  was  in  1H34,  and  it  appears  to  have  escaped  the  observation  of  all  the 
more  recent  explorers  of  the  same  region.  Recently  Mr.  C.  Roop,  of  Portland,  Oreg., 
informed  me  that  this  jay  is  abundant  near  the  mouth  of  the  Willamette  Rtyer,  in 
both  Oregon  and  Washiugton  Territories.  ^^ 

All  the  specimens  we  have  seen  from  along  the  western  slope,  although  not^typical 

of  the  above  race,  are  best  referable  to  it.* 

• 

*In  which  connection  see  annual  report  of  this  sarrey  for  18T7,  p.  1305. 
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A  description  of  the  first  plumage  of  this  form  is  added  from  a  fledgeling  taken  it 
Eagle  Lake,  California,  in  July. 

Prevailing  color  above,  plumbeous  brown  ;  bead  with  bluish  cast ;  wings  and  tail 
blue,  as  in  adult ;  below  ashy  white  ;  feathers  on  throat  and  breast  showing  notnea 
of  streaks ;  sides  of  head  and  an  imperfect  bar  across  breast  dusky  plumbeous.  A 
conspicuous  white  line  above  and  behind  the  eye. 

Pkrisoreous  Bonaparte.  • 

P.  obacuruSy  Ridgw.    Oregon  Gray  Jay,  "  Meat  Bird." 

This  bird  was  not  recognized  as  distinct  from  the  Canada  jay  (P.cantutenns)  until  quite 
recently,  when  Mr.  Ridgway  described  under  the  above  name  specimens  from  Sboil- 
water  Bay,  and  indicated  Washington  Territory,  Oregon,  and  the  northwest  cout 
generally  as  its  habitat.  Mr.  Ridgwa}^,  however,  included  the  form  under  head  of 
canadensis,  presuming  it  to  represent  the  Pacific  coast  variety  of  that  bird,  as  c^ 
-talis  does  the  Kocky  Moantaiu  form. 

A  recent  investigation,  in  connection  with  Mr.  Ridgway.  of  a  better  series  of  speci- 
mens than  W21S  available  when  obsonr us  was  descritied,  leads  to  the  belief  that  this  fonn 
is  entirely  distinct  from  the  Canada  jay,  its  peculiarities  being  of  a  kind  not  explaio- 
able  upon  any  theory  of  geographical  variation.  As  ^ood  debcriptions  of  obtcumut 
found  elsewhere,  I  need  here  merely  allude  to  lis  chief  distinctive  points,  viz:  tbe 
conspicuous  white  shafts  of  the  feathers  of  the  back  and  scapulars,  and  tbe  ashy 
white  under  parts,  tending  to  brown  only  along  the  sides.  In  these  particolars  it  dii- 
fers  conspicuously  from  the  others. 

During  the  past  season  obscurus  was  found  to  be  a  resident  of  the  mountains  from 
Northern  California  to  the  Columbia  River,  its  range  being  thus  extended  very  materi- 
ally.   The  young  in  nesting  plumage  were  taken  near  Camp  Bidwell,  California. 

My  specimens  from  the  above  region  agree  with  the  types  in  essential  respects;  in 
fact  the  only  difference  appears  to  be  in  regard  to  the  amount  of  white,  especially  on 
forehead,  it  extending  farther  back  towards  the  occiput  than  in  the  coast  examples, 
while  the  general  tints  also  are  lighter. 

A  comparison  of  specimens  of  the  Canada  jay  from  Alaska  and  Maine  reveals  con- 
siderable difference.  In  fact,  extreme  examples  of  the  Alaska  type  appear  to  show 
peculiarities  of  colgr  suffioieiit  to  warrant  their  separation  as  a  variety.  Even,  how- 
ever, in  the  small  series  from  th*e  former  region  in  the  Smithsonian  collection,  there  is 
a  very  noticeable  amount  of  purely  individual  variation,  and  some  specimens  cannot 
be  discriminated  from  Maine  examples.  So  that,  on  the  whole,  I  do  not  consider  the 
difference  sufficient  to  justify  a  new  name.* 

That  the  Rocky  Mountain  form  C4ipitalis  int^ergradcs  completely  with  c««ad«wtf  tbew 
can  be  no  doubt,  although  typical  specimens  of  capitalis  ofi^r  very  tangible  diflerences. 
In  the  northern  Rocky  Mountains,  as  in  Montana,  the  peculiarities  of  this  race  tei; 
sensibly  diminish,  and  the  tendency  towards  the  canadensis  type  is  marked.  From 
farther  south  and  in  its  region  proper,  no  specimens  appear  to  be  found  which  are  not 
wholly  characteristic  of  capitalis. 

The  following  measurements  express  the  variations  in  size  between  the  forms: 


P.  canadenntis: 

Average  of  6  8pecimen8 

Largest  indiviilual 

Smallest  individual 

Alaska  specimens,  P.  cancul^nsis : 

Average  of  7  specimens 

Largest  iudividual 

SmiUlest  individual 

Var.  eapitalia : 

Average  of  10  specimens 

Largest  individual 

SmiQlest  individual 

,       P.  ohscuru*: 

Average  of  7  apecimens 

Largest  individual 

Smaifest  individual 


Wing. 

TaiL 

Bill. 

Tarsal. 

5.61 

1 

5.93 

.75 

L35 

5.84 

6.07 

.83 

145 

5.33 

5.54 

.73 

133 

5.43 

5.66 

.77 

L33 

5.67 

5.65 

.83 

L« 

5.10 

Lie 

6.04 

5.99 

.80 

L3I 

6.35 

6.12 

.82 

LI0 

5.72 

5.55 

.73 

L34 

5.53 

5.38 

.71 

la 

5.78 

5.58 

.69 

.381 

5.23 

5.12 

.72 

.111 

*  Since  the  above  was  written  Mr.  Ridgway  informs  me  that  he  has  given  the  name  yWsu/iroMte 
the  Alaskan  coast  form.  • 
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As  will  be  noticed,  Alaska  specimens  appear  to  average  considerably  smaller  than 
those  from  Maine. 

Yar.  cafM'/a/i^nnderj^oes  a  decided  increase  in  length  of  wing,  without  a  corresponding 
increase  in  size  of  tail. 

In  obscurus  the  proportions  of  wing  and  tail  are  reversed,  it  being  the  only  one  which 
has  the  tail  shorter  than  the  wing. 

Habits. — As  Northern  California  is  reached,  the  Oregon  gray  jay  becomes  a  familiar 
object  of  attention  in  the  pine  woods,  of  which  it  is  a  constant  resident.  Along  the 
Upper  Des  Chutes  River  the  "meat  birds,"  as  they  are  suggestively  termed  by  the 
banters,  were  very  nnmerons ;  so  numerous,  in  fact,  and  so  quietly  persistent  in  their 
attendance  about  the  cook-fire,  that  tbey  became  positive  nuisances.  When  they  are 
inclined  towards  familiarity,  they  carry  their  boldness  to  a  surprising  extent.  Every 
morning  about  sun-up,  from  six  to  a  dozen  or  more  presented  themselves  in  the  trees 
overhanging  camp,  and  the  momentary  absence  of  the  cook  from  his  charge  was  con- 
strued as  an  invitation  to  the  feast,  and  doWn  they  swooped  upon  the  nearest  morsel 
of  food.  Almost  everything  edible  seemed  to  be  acceptable,  although  their  preference 
for  raw  meat  was  ]»lainly  evidenced.  Finally,  when  the  cook's  patience  gave  out,  the 
shotgun  was  brought  into  requisition,  which  diminished  the  number,  without  having 
any  visible  effect  in  checking  the  rapacity  of  the  survivors.  Several  were  readily 
caught  by  means  of  a  bent  pin  fastened  to  a  string  and  baited  with  scraps  of  venison. 
Thej^  are  not  always  by  any  means  so  bold  as  in  this  locality,  and  a  dark  form,  visible 
for  an  instant  as  it  flits  noiselessly  through  the  sombre  pines,  is  often  the  only  proof 
of  the  presence  of  the  species. 

I  have  alfvays  found  the  Rocky  Mountain  gray  jay  to  be  a  very  silent  bird.  But 
this  species  has  a  variety  of  odd  notes,  a  sort  of  squeaking,  whining  call  being  the  most 
common.    Cooper  also  assigns  this  species  a  "considerable  variety  of  song.'' 

TYRANNID^— Tyrant  Flycatchers. 

Tyr ANNUS  Cuvier. 

T,  rerticaliSj  Say.    Arkansas  Flycatcher. 

A  very  numerous  summer  resident.  It  was  not  observed  by  us  farther  north  than 
Southern  Oregon,  but  doubtless  this  was  owing  to  the  lateness  of  the  season,  as  it  was 
found  by  Suckley  at  The  Dalles,  and  even  farther  north  in  Washington  Territory. 
The  T.  carolinensia  was  not  met  with,  but,  according  to  Mr.  Ridgway,  occurs  in  sum- 
mer in  Western  Nevada  (Truckee  Valley). 

Myiarchus  Cabanis. 

M.  cinerascens  (Lawr.).    Ash-throated  Flycatcher. 

Common  on  the  foot-hills  near  Carson,  but  apparently  a  rare  summer  visitant  far- 
ther north  along  the  eastern  slope.  A  single  individual  was  seen  at  Honey  Lake,  Cal- 
ifornia. 

Sayorrnis  Bonaparte. 

S,  sayus  (Bp.).    Say's  Flycatcher. 

Numerous  along  the  eastern  slope.  This  species  is  in  the  habit  of  building  about 
barns  and  outbuildings,  in  this  respect  being  like  the  eastern  Phccbe.  ^  curioust  nest- 
ing site  selected  by  one  pair  was  a  little  niche  in  the  sandy  wall  of  a  disused  well,  and 
some  twenty  feet  or  more  from  the  top.  The  problem  of  getting  the  young  up  the 
old  birds  had  yet  to  solve. 

The  S,  nigHmns  appears  not  to  be  present  in  this  region,  although  it  is  common  to 
the  west  of  the  mountains  in  Oregon. 

CoNTOPUS  Cabot. 

C.  borealis  (Sw.).    Oiivo-sided  Flycatcher. 

This  flycatcher  occurs  in  summer  all  along  the  eastern  slope  up  to  the  Columbia 
River,  and  probably  still  farther  to  the  north.  It  does  not  appear  to  be  as  numerous 
here  as  in  the  Rocky  Mountains,  or  even  in  the  region  west  of  .the  Sierras. 

C.  virens  rithardsoni  (Sw.).    Western  Wood  Pewee. 

A  common  summer  visitant  of  the  moantains.    A  nest  found  June  26  contained  two 
eggs  somewhat  advanced. 
This  flycatcher  appears  to  vary  the  position  of  its  nest,  sometimes  building  in  the 


2288 


REPORT   OF   THE   CHIEF   OF   ENGINEERS. 


fork  of  a  limb,  at  other  times  placing  it  on  the  broad  upper  smrface — In  other  woId^ 
saddling  it.  The  same  variation  in  plan  is  observable  in  the  nesta  of  our  eastern  pevM, 
althoagh  in  both,  the  latter  method  seems  to  be  the  favorite. 

The  nest  alluded  to  above,  as  alsoasecond  found  Jnly  23,  was  saddled  upon  the  termiul 
fork  of  a  cotton  wood,  and  was  similar  to  the  usual  style  of  the  eastern  pewee,  except  tbft 
the  exterior  lacked  the  customary  sprinkling  of  lichens  given  it  by  the  latter  bird.  In- 
stead it  was  dressed  with  shreds  of  a  white  cottony  substance  and  gray  fibroas  bark, 
which  served  admirably  to  harmonize  its  tints  with  those  of  the  light  bark  of  the  tm, 
precisely  the  same  end  being  thus  attained  as  effected  bv  the  other  bird,  each  osiiig 
the  material  best  adapted  to  itsown  case.  It  would  indeed  be  a  '*  blind  ''  instiDct  tbil 
should  induce  the  western  pewee  to  adopt  for  its  nest  the  cloak  of  lichens,  the  ioTari- 
able  and  suooessfnl  resort  of  its  eastern  relative,  an  instinct  that  would  prove  fatal  to 
the  safety  of  its  home,  and  only  serve  to  invite  the  very  danger  of  conspicaoosoea 
which  it  is  its  chief  object  to  avoid.  The  contrast  of  differing  means  to  the  samee&d 
which  is  displayed  in  the  architecture  of  these  two  ffycatchers  is  one  of  many  eqoilly 

food  illustrations  which  might  be  cited  to  prove  the  presence  in  birds  of  a  somethiog 
igher  than  mere  hereditary  instinct,  and  shows  that  only  by  granting  the  exiateooa 
of  an  amount  of  reasoning  power  can  we  explain  the  readiness  with  which  a  speeka 
adapts  its  existence  to  new  conditions,  and  the  fertility  of  resource  which  promptBtba 
choice  of  means  to  a  necessary  end. 

Empidonax  Cabot 

E,  trailii,  And.    TrailFs  Flycatcher. 

Western  specimens  of  this  bird  have  usually  been  considered  to  represent  a  lifbt- 
colored  race,  and  have  found  mention  under  name  of  var,  pusillu.  I  think  Mr.  sSAf- 
way  is  correct  in  the  view  recently  expressed,*  and  that  western  and  eastern  birds  £> 
not  differ  sufficiently  to  warrant  their  separation. 

The  puMllus  of  Swainson  was  accepted  by  Professor  Baird  as  applying  to  the  we«^ 
em  bird,  but  apparently  with  some  doubt,  as  Swainson's  description  applies  almost 
equally  well  to  minimus,  I  prefer,  therefore,  to  fall  back  upon  the  irailii  of  Aadoboo, 
including  under  this  name  both  eastern  and  western  birds. 

The  Trails  flycatcher  is  a  numeruns  summer  resident  of  the  eastern  slope,  well  op 
into  Oregon.  It  loves  to  frequent  the  willow  thickets  along  the  streams,  even  follow- 
ing them  to  a  high  elevation  in  the  mountains. 

E,  obacuruB  (Sw.).    Wright's  Flycatcher. 

Apparentlv  rather  uncommon  as  a  summer  inhabitant  of  the  mountains,  where  onljit 
is  found  at  tnis  season.  .  It  appears  in  summer  never  to  frequent  the  same  sitoatioiia  la 
the  preceding  bird,  although  the  two  may  inhabit  the  same  general  locality.  Tboa, 
the  borders  of  a  stream  which  meanders  through  an  alpine  valley,  and  which  is  hed|(^ 
by  willows,  will  be  found,  almost  to  a  certainty,  to  be  inhabited  by  the  little  flycstober, 
while  the  present  species  never  intrudes  on  the  domain  of  this  bird,  bat  is  oonteoted 
with  the  hillsides  above,  where  it  lives  under  the  pines  and  among  the  chapanml 

It  would  be  interesting  to  study  out  the  probable  causes  which  thus  lead  two  speeka 
so  closely  allied  as  these  two  flycatchers,  with  the  same  general  habits  and  economj, 
with  precisely  the  same  method  of  capturing  food,  and  living  within  sight,  as  it  wen, 
of  each  other,  to  so  maintain  their  own  preserves  as  never  to  clash  with  each  other. 
A  possible' explanation  suggests  itself  in  varying  tastes  as  to  food,  sinoe  it  is  probable 
that  each  locality  differs  enough  in  the  character  of  its  plants  to  harbor  diflforeat  kioda 
of  insects,  and  hence  to  fnrnisn  each  species  with  its  own  partioalar  bill  of  fare. 

A  nest  found  June  22  contained  four  fresh  eggs.  These  are  yellowish-white,  and 
unspotted.  The  nest  was  an  extremely  neat,  pretty  structure,  coinpesed  extemallje^ 
strips  of  white  bark,  with  an  internal  lining  of  fine  grasses  and  feathers.  It  bad  a 
depth  of  two  inches,  and  an  internal  diameter  of  the  same.  It  was  singularly  ex- 
posed to  view,  being  placed  on  an  open  bash  on  a  hillside,  where  it  was  overshadowed 
by  large  pine  trees. 

The  E»  hammandi  is  said  to  also  occur  along  the  eastern  slope,  bat  I  did  not  meet 
with  it. 

CAPRIMULGIDiE— Goatsuckers. 
CuoRDEiLKS  Swainson. 


C  popeiue  henryij  Cass.    Western  Night  Hawk. 

An  extremely  abundant  summer  visitant  through  California,  Oregon,  and  into  Wash- 
ington Territory. 

*  Ornithology  of  the  ForUoth  Parallel,  page  539. 
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8€[V<Bral  sets  of  ecgs  w«re  found,  whiofa  seemed  to  have  been  deposited  on  the  groaB4 
hefHhftzard,  with  little  or  no  attention  to  special  locality. 

Antrostomtjs  Goald. 

A.  nuttalliy  And.    Nnttall's  Poorwill. 

In  the  neighborhood  of  Carson  the  poorwill  arrives  from  the  south  in  the  early  days 
of  May.  It  soon  becomes  generally  and  commonly  distributed  over  nearly  all  the 
region  embraced  in  the  present  report,  bein^  scarcely  less  numerous  towards  the  north. 
Bot^  Cooper  and  Suckley  note  its  presence  in  the  portions  of  Oregon  and  Washington 
Territory,  east  of  the  mountains,  and  indicate  negatively  its  absence  to  the  west. 

TROCHILID^— Hamming  Birds. 

Stellula  Gould. 

S,  calliope^  Grould.    Calliope  Humming  Bird.       , 

The  range  of  this  diminutive  humming-bird  is  now  pretty  well  made  out.  It  has 
long  been  known  as  a  resident  of  the  west  coast,  and  there  extends  over  much  of  Oali* 
fomia,  Oregon,  and  Washington  Territory,  where  in  summer  it  is  confined  to  the  mount- 
ains.* To  the  eastward  its  summer  habitat  appears  to  be  in  general  limited  by  the 
eastern  slope,  along  which,  iu  Nevnda,  California,  and  Oregon,  it  was  found  by  our  par- 
ties to  be  very  numerous.  Iu  fail,  at  least,  it  reaches  as  far  into  the  middle  region  as  the 
East  Humboldt  Mountains,  where  found  iu  Augast  by  Mr.  Ridgway.  New  Mexico  and 
Arizona,  as  determined  by  our  parties,  complete  its  limited  range  in  the  central  regions 
and  likewise  its  known  dispersion  within  our  limits.  It  may  breed  in  the  latter  Ter- 
ritories, as  specimens  were  obtained  in  July.  That  it  does  so  along  the  eastern  slope 
there  is  no  possible  doubt,  as  about  the  middle  of  Jane,  in  Eastern  California  (Honey 
Lake),  I  often  saw  the  females  most  busily  at  work  gathering  stores  of  down  from  the 
willow  catkins,  then  hanging  full,  to  weave  into  nests.  I  was  left  to  conjecture  that 
the  location  of  these  was  iu  the  high  branches  of  the  firs  and  other  evergreens,  as  I 
failed  to  discover  a  single  one,  which  could  hardly  have  been  the  case  had  they  been 
in  positions  at  all  accessible. 

The  males  were  at  that  season  very  restless  and  wary,  and  to  procure  specimens 
proved  no  easy  matter.  The  floiver  which  here  is  most  resorted  to,  not  alone  by  this 
but  by  other  hummers,  is  a  species  of  Castilleia  which  is  found  along  the  banks  of  most 
all  the  mountain  streams.  Wherever  these  blosoms  are  numerous,  the  hum  of  wings 
of  these  busy  little  pilferers  as  they  dart  to  and  fro  is  constant. 

Humming-birds  have,  however,  in  this  section,  another  and  less  usual  source  of  food 
supply,  to  which  my  attention  was  attracted  while  in  the  mountains  near  Camp  Bid- 
well.  For  several  of  the  early  hours  of  morning  I  noticed  that  the  humming-birds 
hovered  about  the  upper  branches  of  the  firs  and  spruces,  precisely  as  if  feeding,  to  the 
entire  neglect  of  the  flower-bordered  streams  which  occupied  their  attention  later  in  the 
day.  As  this  is  the  time  when  they  are  hungriest,  I  could  only  account  for  their  actions 
on  the  supposition  that  they  were  f eedi ng  upon ''  honey  dew.'^  As  this  may  not  be  famil- 
iar to  all  my  readers,  I  will  state  that  it  is  a  sweet  saccharine  substance  that  is  depos- 
ited upon  the  foliage  of  trees  and  shrubs  iu  many  localities  of  this  region  by  certain 
small  insects,  the  plant-feeding  Aphides.  It  is  often  found  in  considerable  quantities, 
so  considerable  in  fact  that  in  some  places,  as  I  was  informed,  the  Indians  collect  it  by 
threshing  the  plants  after  the  sun  has  evaporated  it  into  a  sugar,  and  make  use  of  it  as 
food,  fliat  it  is  sweet  and  palatable,  I  myself  can  testify,  and  doubtless  as  much  so 
to  the  delicate  taste  of  the  humming-birds  as  to  the  human  palate.  In  early  morning, 
before  the  sun's  rays  have  evaporated  it,  '*  honey  dew ''  is  found  in  a  semi-liquifiea 
state,  and  then  would  be  as  easily  managed  by  the  brush-tipped  tongues  of  the  birds  as 
the  nectar  of  flowers.  Without  doubt,  too,  the  birds  secure  many  small  insects  which 
resort  to  feed  upon  this  substance. 

Here  I  wish  to  notice  what  I  believe  was  an  error  of  identification  on  the  part  of  Dr. 
Cooper  when  he  mentioned  the  broad-tailed  humming-bird  (aS.  ptalycercus)  &a  common 
at  Lake  Tahoe  in  September.*  This  is  quite  out  of  the  area  of  the  known  distribution 
of  that  bird,  which  is  distinctively  a  central  region  species.  Stellalay  on  the  other 
hand,  is  a  common  summer  resident  of  this  region  and  could  scarcely  have  been  over- 
looked. It  is  not,  however,  mentioned  by  him  from  that  locality.  Hence  I  infer  that 
his  specimen  of  supposed  ptatifcercua  was  really  the  Stellulay  more  especially  because  he 
appears  to  have  been  in  doubt,  and  states  that  at  first  he  supposed  the  species  to  be  S, 
rufus.  In  this  latter  supposition  he  may  have  been  correct,  but  as,  farther  on,  when 
speaking  of  the  Stellula  as  seen  in  the  Cascade  Mountains,  he  says  he  there  mistook 
that  species  for  the  young  of  iS.  /«/«,  we  may  presume  his  mistake  to  have  been  the  same 

'  Biraa  of  California,  vol,  1, 1870,  p.  357. 
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in  both  instaDces,  and  that  the  Lake  Tahoe  birds  were  the  SteUuloy  a&  the  Cascade  Mount- 
ain birds  proved  to  be.  It  is  to  be  remarked  that  the  young  of  several  of  thehnmnen 
are  really  so  much  alike,  especially  those  of  calliope  and  ritfusy  that  a  very  careful  oa&- 
parison,  which  is  rarely  possible  in  the  field,  is  necessary  to  distingaish  them. 

Trochilus  Linnaius, 

T.  alexandrif  Boaro.  and  Muls.    Black-chlnned  Humming  Bird. 

This  species  appears  to  be  a  by  no  means  common  summer  resident  along  the  eaiten 
slope,  and  to  have  there  a  limited  distribution.  It  was  observed  and  specimens  wen 
procured  in  June  in  Eastern  California  along  Honey  Lake.  Farther  north,  in  tbe 
mountains  near  Camp  Bid  well,  the  species  was  present  in  July. 

Selasphorus  Swaiuson. 

S.  rufusj  (Qmel.).    Rufous-backed  Humming  Bird. 

This  hummer  is  probably  rather  loq^tl  as  a  summer  resident  of  the  eastern  slope.  In 
the  summer  of  1876  I  did  not  find  it  breeding  in  Eastern  California,  although  plentiia! 
enough  there  in  fall.    It  appeared  to  be  rather  numerous  in  summer  near  Camp  BklwaO. 

ALCEDINID^— Kingfishers. 

Ceryle  Boie. 
C,  alcyon  (L.).    Kingfisher. 

Of  common  occurrence  on  all  the  fiah- stocked  streams. 

PICID^— Woodpeckers. 
Hylotomus  Baird. 

H.pilcaiua  (L.).    Pileated  Woodpecker. 

The  ''  log  cock  "  was  not  noted  by  our  party  at  any  point  along  the  eastern  dope' 
notwithstanding  that  the  heavily  timbered  mountains  would  appear  to  favor  its pns' 
ence.  On  the  Columbia,  to  the  west  of  the  divide,  it  was  said  by  the  lumbermen  t«be 
a  numerous  and  constant  resident.  I  shot  a  fine  male,  the  only  one  seen,  at  the  Ctf- 
cades,  in  October. 

Picus  Linnaeus. 


P.  villosus  hatrisi  (And.).    Western  Hairy  Woodpecker. 
Numerous  as  a  resident  of  the  pineries. 

P.  pubescens  gairdneri  (And.).    Western  Downy  Woodpecker. 

Along  the  eastern  slope,  as  everywhere  throughout  the  middle  region,  this  is  ttm 
-species,  and  but  a  single  Individual  was  seen — in  Chewaucan  Valley,  in  August. 

P.  alholarvatus  (Cass.).    White-headed  Woodpecker. 

This  woodpecker  appeared  to  be  less  common  everywhere  along  our  roule  to  tiie 
north  than  in  the  pineries  immediately  west  of  Carson.'  It  occurs  nevertheieti  \t» 
and  there  as  a  resident. 

PicoiDES  Lac^pMe. 

P,  arciicus  (Sw.).    Arctic  Woodpecker. 

A  rather  common  and  constant  resident  of  the  pine  woods  from  Carson  northwtfi 
into  Oregon. 

Sphyrapicus  Baird. 

8.  variuB  nuchalu  (Bd.)*    Red-naped  Woodpecker. 

This  middle  region  form  extends  across  from  the  Rooky  Mountains,  and  ocean  ^ 
summer  along  the  eastern  slope.  Beyond  this  we  have  no  evidence  of  its  prMeoes,  it 
being  replac^  upon  the  west  coast  by  the  following  bird. 

Mr.  Ridgway  alludes  to  the  fact  that  in  the  region  between  the  Rockv  Monntaitf 
and  the  Cascade  Range  specimens  of  this  form  give  evidence,  by  the  admixture  of  R^ 
in  the  black  auiiculai  %tr\i^,  the  black  pectoral  collar,  and  in  the  white  area  saiToa^ 
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Z3g  it,  of  the  change  soon  to  result  in  the  variety  ruber,  in  which  these  parts  are  red. 
E7wo  males,  however,  taken  in  the  Warner  Mountains,  Northern  California,  show  no 
rvch  tendency,  hut,  on  the  contrary,  are  not  distinguishable  from  Rocky  Mountain 
»j)ecimens. 

S.  rarius  ruber  (Gm.).    Red-breasted  Woodpecker. 

Somewhat  to  my  surprise  I  was  able  to  obtain  no  evidence  that  this  variety  snm- 
Doers  along  the  eastern  slope,  and  am  compelled  to  believe  that  it  is  only  found  here 
Lm  the  character  of  a  fall  and  winter  visitor. 

S.  thyroideus  (Cass.),    ^rown-headed  Woodpecker. 

Of  rather  frequent  occurrence  all  through  the  mountains. 

AsYNDESMUS  Coues. 

-tf4.  tarquatus  (Wils.).    Lewis  Woodpecker. 

Nowhere  in  its  wide  range  is  this  species  more  abundant  than  at  the  base  of  the 
^Mstem  slope,  through  Nevada,  California,  and  Oregon.  It  was  seen  at  The  Dalles  dur- 
msg  the  last  of  October,  and  according  to  Buckley  it  remains  here  during  the  winter* 

CoLAPTES  Swainson. 

C  auratus  mexicanM  (Sw.).    Red-shafted  Flicker. 

An  abundant  and  widely-distributed  species.  The  birds  of  the  eastern  slope  appear 
'to  be  the  typical  mexicanuSj  and  I  have  never  seen  a  specimen  from  this  region  show- 
ing intermediate  characters.  In  the  Sacramento  Valley  and  about  San  Francisco  such 
specimens  are  comparatively  common,  and  the  manner  and  degree  in  which  individuals 
a88Qme  the  characters  of  either  race  vary  indefinitely. 

STRIGID^— Owls. 

Strix  Linn^us. 

S.flammea  atnericana  (And.).    American  Barn  Owl. 

Though  a  very  common  inhabitant  of  California,  especially  in  the  southern  portion, 
find  extending,  according  to  Cooper,  as  high  as  the  Columbia  River,  this  owl  appears 
to  confine  its  range,  so  far  as  this  region  is  concerned,  to  the  country  west  of  the 
Sierras,  and  it  does  not  appear  in  any  of  the  sectional  lists  east  of  that  range  between 
Kansas  on  the  east  and  ijnzona  on  the  south.  That  it  does  occur  on  the  east  side  of 
tlie  Sierras  I  obtained  ample  proof  during  the  past  season.  Near  the  Madeline  Plains 
in  Eastern  California  I  found  scattered  feathers  of  barn  owls,  indicating  that  they  in- 
^bited  the  thickets  along  the  streams.  At  Cam;)  Bidwell  it  seemed  to  be  a  tolerably 
^mmon  species,  and  on  several  occasions  individuals  were  started  up  as  they  were 
Toosting  among  the  tangled  willows.  This  was  late  in  September.  It  also  appears  to 
l)e  of  at  least  occasional  occurrence  in  Western  Nevada,  and  Mr.  H.  G.  Parker  has  in- 
formation of  the  capture  of  a  specimen  or  specimens  near  Carson. 

It  is  one  of  the  most  strictly  nocturnal  of  the  family,  and  as  its  diurnal  retreats  are 
nsnally  of  the  most  inaccessible  character,  the  bird  readily  eludes  casual  observation. 
Bence  it  is  likely  to  prove  to  be  more  widely  diflfused  in  the  interior  province  than  we 
are  at  present  aware. 

Otus  Cuvier. 

0,  vulgaris  wiUanianus  (Less.).    Long-eared  Owl. 
Numerous  in  the  thickets  of  the  lowlands,  where  it  is  resident  throughout  the  year. 

O.  hrachyotus  (Stev.).    Short-eared  Owl. 

This  owl  was  found  to  be  common  in  the  sedgy  marshes  about  Warner  Lake,  Oregon, 
and  doubtless  inhabits  similar  localities  throughout  Eastern  California  and  Nevada. 

Bubo  Dumeril. 

B.  virginianuB  aubarctums  (Sw.).    Western  Great  Homed  Owl. 

Often  heard  in  the  mountains,  where  it  is  resident.  Two  individuals  of  the  many 
seen  were  obtained  in  the  Cascade  Mountains.  They  represent  the  common  interior 
type. 
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Speotyto  Glogei. 

S.  cuni4^ularia  hjfpogasa  (Bp.)«    Barrowing  OwL 
Nomerons  in  all  suitable  localities  throagh  this  region.  ^v 

J\ 
FALCONIDJE>— Hawks,  Eagka,  etc 

CiKCUS  Lac^pMe. 

0.  cyaneus  hudsonius  (L.)«    Marsh  Hawk. 
Very  namerons  in  every  suitable  locality.  *^^ 

AcciPiTER  Bonaparte. 

A,  fuscu8  (Qm.).    Sharp-shlnDed  Hawk. 

A  single  specimen  only  of  this  hawk  was  obtained,  at  the  Columbia  Rirer,  in  Octo- 
ber. 

A,  cooperi  (Bon.).    Cooper's  Hawk. 

Appears  to  be  much  more  numerous  in  this  region  than  the  preceding.    Seen  on  the 
Columbia  in  October. 

AsTUR  Jard.  and  Selby. 

A*  atrtcajpiUusCWils,),    American  Groshawk. 

This  fiue  hawk  was  seen  at  several  points  along  the  Cascade  Mountains  in  On§s^ 
where  it,  without  doubt,  breeds. 

I  had  very  little  chance  to  observe  its  habits ;  probably  they  do  not  differ  essentiaUy 
Irom  those  of  its  smaller  relatives.  One  that  I  shot  on  the  Williamson's  River  wasii 
hot  chase  of  a  kiuglisher,  which  he  doubtless  would  have  seized  in  another  moDeoi 
Another,  on  the  same  river,  was  noticed  chasin|f  a  night  heron.  The  attack  wm  per- 
sistently kept  up,  but  evidently  with  no  intention  on  the  part  of  the  hawk  of  mskiis 
the  heron  his  prey.  Forciug  the  heavy-winged  heron  into  the  open,  the  hawk  woald 
close  in  and  apparently  give  the  ungainly  bird  a  buffet  with  his  wing,  which  eaeh  tiiM 
produced  a  loud  and  discontented  squawk.  It  occurred  to  me,  aa  a  possible  solntioa 
of  the  motive  of  the  hawk,  that  he  intended  to  force  his  victim  to  throw  up  sdt  M 
it  might  have  secured,  aud  so  furnish  him  an  easy  dinner. 

Falco  Linufeus. 

F.  Janarius polyagrus  (Cass.).    Prairie  Falcon. 

A  widely-diffused  species,  and  common  in  certain  localities  of  this  region,  m  near 
Camp  Bidwell. 

In  the  fall  its  habits  as  truly  entitle  it  to  the  appellation  of  ^<dack  hawk ''ss  its 
relative  the  F,  anatum*  The  latter,  although  not  falling  under  onr  observation,  cer- 
tainly occurs  in  this  region,  but  by  no  means  as  commonly  as  its  ally. 

F.  richardBoni,    Richardson's  Falcon. 

The  presence  of  this  falcon  was  noted  in  several  localities  in  Oregon  and  Nortbem 
California,  and  two  specimens  in  immature  plumage  were  taken. 

F.  sjiaiferius  (L.).    Sparrow-Hawk. 

Very  common  throughout  this  whole  reeion^ 

The  west  side  of  Chewaucah  Valley  had  suffered  severely  from  a  visitation  of  that 
scourge  of  the  western  farmer,  the  grasshoppers.  Here  in  August  the  sparrow-hawkB  W 
assembled  in  hundreds  and  were  holdiug  high  carnival,  and  although  in  instances  likd 
the  present  their  numbers  prove  wholly  insufficient  to  cope  against  the  vast  myriad 
of  these  destructive  insects,  yet  the  work  of  the  sparrow-hawk  is  by  no  meanssoio- 
significant  that  it  should  not  be  remembered  to  his  credit  aud  earn  him  well-merited 
protection.  His  food  consists  almost  entirely  of  grasshoppers  when  they  are  to  be  h«d, 
and  as  his  appetite  appears  never  to  become  satiated,  the  aggregate  in  numbers  whidi 
are  annually  destroyed  by  him  must  be  enormous. 

BuTEO  Cuvier. 

p.  swainsoni  (Bp.).    Swainsou's  Hawk. 

,    Very  numerous  in  summer  in  the  low  partially- wooded  country  near  the  moimtaitt*- 
I  noticed  more  of  these  hawks  in  Northern  California  than  fartlier  south,  but  tbiiift; 
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oreaae  in  namben  may  have  been  only  apparent,  and  dae  to  their  concentration  as  fall 
i^proached. 

B,  horealis  calurus  (Cass.).    Western  Bed-tailed  Hawk. 
Nnmeroas  throughout  all  the  heavily-wooded  portions  of  the  region. 

Archibuteo  Brehm. 

A,ferrugineu8  (Liobt.).    California  Squirrel  Hawk, 
A  hawk  was  seen  in  Northeastern  California  which  I  believed  to  be  of  this  species. 

A,  lagopns  sanctijohannis  (Gmel.).   Rough-legged  Hawk. 
Common  in  fall  in  marshy  localities. 

Aquila.  Brisson. 

A,  ckrysaeim  oanadenBis (h.).    Golden  Eagle. 

Occurring  more  or  less  numerously  among  the  mountains. 

Halia^tus  Savigne. 

H.  leucocephahi9  (L.)*    American  Eagle. 

This  eagle  may  fairly  be  said  to  abound  on  certain  of  the  mountain  lakes  of  this  re« 

£*on,  Eagle  Lake  indeed  receiving  its  name  from  the  number  of  these  birds  that  in- 
kbit  its  shores.  Rareljr  disturbed,  they  are  much  lees  shy  than  usual,  evidence  of 
this  fact  bein^  apparent  in  the  accessible  situations  which  their  nests  occupy.  Sev- 
eral were  noticed  in  the  splintered  tops  of  pines,  the  low  heights  and  convenient 
branches  of  which  placed  them  within  easy  reach. 

One  nest  that  I  visited  as  late  as  July  10  contained  two  young,  still  unable  to  fly, 
though  in  size  fully  grown. 

Along  the  Columbia,  eagles  are  so  oommon  that  they  scarcely  attract  attention,^ 
Here  they  are  useful  as  scavengers,  and  dead  and  dying  salmon  form  a  very  consider- 
able portion  of  their  fare. 

Pandion  Savigne. 

P.  haliaetM  carolitienais  (Gmel.).    Fish  Hawk. 

Present  on  nearly  all  the  streams  and  lakes  that  furnish  fish.  Extremely  abundant 
at  Klamath  Lake. 

CATHARTID^— American  Vultures. 
Rhinooryphus  Ridgw. 

B.  aura  (L.).    Red-headed  Vulture. 

Generally  distributed ;  in  some  localities,  avS  near  Honey  Lake,  California,  very  numer- 
ous Not  seen  at  the  Columbia  River  in  October.  Nor  was  the  Californian  vulture 
{Fteudogrtfhtu  caHforninnus)  observed  along  the  river,  although,  judging  from  the  ac- 
counts of  Cooper  and  Suokley.  it  formerly  periodically  visitea  its  shores,  attracted 
thither  by  the  dead  salmon,  which,  during'  the  "  run,''  often  line  the  banks.  The  ac~ 
counts  of  these  authors  date  back  to  1854,  and  since  that  time  the  numbers  of  this  huge 
vulture  have  been  so  diminished  by  the  use  of  poison,  intended  to  kill  off  wild  animals, 
that  it  is  now  in  comparison  almost  extinct,  and  the  sight  of  a  California  vulture  is  at 
present  a  rare  event  in  localities  where  a  few  years  ago  it  was  very  numerous. 

COLUMBID^— Doves. 

Zexaidura  Bonaparte. 

Z,  carolinenstB  (L.).    Turtle  Dove, 

Arriving  in  the  vicinity  of  Carson  about  the  1st  of  May,  the  '^doves''  soon  become 
extremely  numerous,  not  only  here  but  all  along  the  eastern  slope,  far  up  into  Oregon 
and  Washington  Territory. 

By  the  game  law  of  Nevada  this  species  is  exempt  from  protection  at  anv  and  all 
seasons,  and  as  it  is  about  the  only  bird  here  that  aflfords  wing-shooting,  it  hence,  in 
the  neighborhood  of  the  towns,  receives  considerable  attention  at  the  hands  of  th« 
gunners,  especially  during  the  early  portion  of  its  visit  in  spring. 
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It  begins  to  nest  about  the  middle  of  May,  and  then  its  persecution  perforce  ceam^ 
since  it  no  longer  resorts  to  the  stnbble-fields  and  pastures  for  food,  bat,  hiTing 
paired,  retires  to  the  hills,  where  it  is  out  of  reach. 

The  numbers  killed,  although  in  some  sections  very  great,  appear  to  have  no  Yisible 
effect  in  diminishing  its  abundance. 

It  migrates  south  early,  and  but  few  are  to  be  found  in  Nevada  by  the  end  d 
August.  As  late  as  the  23d  of  September  I  noticed  a  few  yoang  birds,  probably  the 
late  second  broods,  still  lingering  about  the  stubble  along  Crooked  River,  Oregon. 

COLUMBA  Linnaeus. 

Cfasciata  (Say).    Band-tailed  Pigeon. 

At  The  Dalles  I  caught  a  glimpse  of  a  solitary  individual  which  I  identified  m  this 
species.  It  is  said  by  both  Cooper  and  Snckley  to  be  abundant  to  the  west  of  tbe 
mountains,  and  doubtless  wanders  across  the  range  with  greater  or  less  frequency,  tbe 
abundance  or  scarcity  of  food,  especially  acorns,  having  much  to  do  in  determining iti 

Sresenoe  or  absence  in  a  region.    Dr.  Newberry  speaks  of  it  as  occarring  at  Tbe  D^m 
ifall. 

TETRAONID^— Grouse. 
Can  ACE  Bonaparte. 

C,  ohscurus  (Say).    Dusky  Grouse. 

The  *^blue  grouse,''  which  is  found  in  the  Sierra  and  Cascade  Rangea  at  least  akf^ 
their  eastern  slopes  and  as  high  up  as  the  Columbia  River,  is  the  typical  middle  region 
form,  obscurus. 

The  mountain  forests,  especially  those  composed  largely  of  firs  and  spruces,  abonnd 
with  this  fine  game-bird.  Several  broods  of  young  chicks  were  found  about  the  middle 
of  June. 

First  plumage  of  young, — Feathers  of  the  back  and  wings  (except  primaries)  with 
broad  central  line  of  white,  and  marked  transversely  with  spots  and  bars  of  blsek 
and  rufous  brown;  throat  and  belly  brownish  white;  breast  and  sides  of  body  pro- 
fusely maculated  with  black. 

Centrocercus  Swainson. 

C.  urophaHanus  (Bp.).    Sage  Hen. 

Numerous  as  is  this  species  in  many  portions  of  the  Rocky  fountain  region,  it  ap- 
pears to  be  even  more  abundant  in  the  sterile  tracts  that  lie  just  east  of  tbe  Siem 
Nevada  and  Cascade  Ranges,  where  it  is  generally  diffused  in  all  snitable  locjdities 
from  a  point  well  up  towards  our  northern  boundaries  to  as  far  south  as  the  Mojave 
River  where  reported  by  Cooper.  The  most  southern  point  at  which  the  bird  wia 
encountered  by  our  parties  was  about  fifty  miles  south  of  Carson,  as  indicated  by  Lieu- 
tenant Macomb.  Somewhat  to  the  north  of  here  it  begins  to  be  very  numerous,  and  in 
certain  localities,  as  near  old  Camp  Warner,  Oregon,  its  numbers  are  simply  astonish- 
ing. A  day's  ride  through  this  section  in  almost  any  direction  will  reveal  band  after 
band,  many  containing  numerous  individuals. 

During  the  summer  it  inhabits  preferably  the  low  mountains  and  bills,  whicb  an 
only  saved  from  utter  barrenness  and  destitution  by  a  growth  of  sage  or  brush  of  simi- 
lar kind  and  a  scanty  covering  of  coarse 'grass.  The  little  valleys  intervening  contain 
occasional  springs,  which  with  the  surrounding  plats  of  green  verdure  form  little  oaeeS) 
and  these  are  the  centers  around  which  congregate,  at  least  thrice  a  day,  all  the  sage- 
hens  within  a  considerable  area.  When  making  the  usual  night's  camp* we  haye  often 
started  up  fifty  or  more  of  these  big  grouse  almost  within  stone's  throw  of  the  solitary 
pool  of  water.  At  midday,  too,  flocks  of  old  and  young  love  to  come  in  from  tbe 
sterile  tracts  where  they  have  been  feeding,  to  drink  and  bathe  and  repose  in  the  gia^ 
f  nl  shade  which  they  find  only  in  such  spots. 

After  the  young  are  able  to  run  about,  I  believe  the  mother  bird  assumes  solechai|0 
over  them,  and  that  the  old  cocks  assemble  into  bands  and  remain  by  themseWea  I 
have  on  several  occasions  seen  a  dozen  or  more  old  males,  lean  in  flesh  and  with  pliun- 
age  soiled  and  worn,  thus  associated.  The  old  cock,  under  such  circumstances,  is  a 
wary  bird  and  knows  well  how  to  take  care  of  himself.  Little  need,  however,  has  be  of 
his  caution,  since  his  toughness  and  general  nnsavoriness  will  be  likely  tx>  cause  anyoos 
who  once  has  made  his  acquaintance  on  the  table  to  give  him  a  wide  berth  in  the  fntin«^ 
But  it  is  some  time  ere  the  young  learn  fully  the  necessary  lesson  of  caution  and  self-dt- 
pendenoe,  and  even  after  they  have  become  almost  fully  grown  they  may  freqaeo^ 
be  put  up  one  by  one  and  killed  without  causing  the  dispersion  of  the  rest  of  the  baol 
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In  fact)  the  tamenesB  of  the  sage  hen  when,  say,  two-thirds  ffrown,  is  occasionally  so 
remarkable  as  to  appear  scarcely  credible.  As  an  instance,  I  remember  on  one  occa- 
sion, when  in  one  of  the  wilder  districts  of  Oregon,  pointing  oat  a  pair  to  a  comrade, 
who  had  expressed  a  desire  to  try  a  shot  on  the  wiog  at  this,  to  him,  new  game.  Un- 
screened by  cover,  the  pair  perjuitted  him  to  approach  within  a  dozen  feet  or  so,  re- 
garding with  mild  wonder  his  demonstrative  motions,  and  even  failing  to  take  alarm- 
when  dirt  and  pebbles  were  tossed  at  them.  With  the  remark  that  they  were  toa 
slow  game  for  h^m,  my  disgusted  friend  left  them  to  resume  their  picking  among  the 
herbage,  which  they  did  while  we  were  still  regarding  them. 

Danng  the  months  of  Jane,  July,  and  August  the  youn^  are  very  tender,  and,  if 
properly  attended  to  by  being  drawn  as  soon  as  shot,  are  fair  eating,  but  this  is  the 
limit  of  praise  that  my  taste,  at  least,  will  permit  me  to  bestow. 

Pedicecetes  Elliott. 

P.  phasianellus  oolumbianus  (Ord).  Southern  Sharp-tailed  Qrouse. 

This  grouse  appears  to  be  entirely  absent  from  Eastern  California  and  Western  Ne- 
vada, except  in  tne  upper  districts.  About  Camp  Bidwell,  Cal.,  the  ^*  sharp-tails  "  are 
sufficiently  numerous  to  a£ford  excellent  shooting,  and  good  bago  may  be  made  there. 
Farther  north  in  Oregon,  and  especially  on  the  grassy  plateaus  that  border  the  Columbia 
River  and  on  the  rolling  nills  for  a  hundred  miles  south,  it  is  extremely  abundant.  Most 
of  this  section  is  quite  uncultivated,  and  the  grouse  live  among  the  dry  hills  and  get  fat 
upon  their  natural  food  of  seeds,  berries,  and  insects.  They  descend  regularly  into  the 
valleys,  as  well  to  get  water  as  to  roost  in  the  brush  at  night.  A  stubble-field  of 
wheat  is  sure  to  attract  them  in  great  numbers,  especially  towuds  fall,  and  they  seem 
to  prefer  this  fare  to  aught  else. 

I  have  never  had  any  experience  in  the  field  with  the  true  prairie  chicken  (C  oupido), 
but,  judging  from  the  written  accounts,  the  general  habits  of  the  two  birds  are  ex- 
tremely similar. 

BoNASA  Stephens. 

B,  umhellus  eabinii  (Dougl.).    Red  Ruffed  Grouse. 

This  form  of  the  ruffed  grouse  occurs  abundantly  along  the  eastern  slope,  although 
perhaps  not  until  Oregon  is  entered.  At  least,  Fort  Klamath  was  the  first  point  a  t 
which  I  obtained  undeniable  proof  of  its  presence. 

It  may  here  be  remarked  that  the  grouse  of  this  region,  while  referable  as  above, 
do  not  typically  represent  the  variety  sahiniij  which  reaches  its  maximum  of  develop- 
ment, as  indicated  by  depth  of  color  and  redness  of  tint,  only  on  the  Pacific  slope. 

In  the  dense  coniferous  forests  that  border  the  Columbia,  as  it  passes  through  the 
Cascade  Mountains,  these  grouse  are  found  in  very  great  abundance,  the  almost  im- 
penetrable undergrowth  of  deciduous  bushes,  with  their  nutritious  fare  of  buds  and 
berries,  greatly  favoring  its  presence,  as  offering  both  food  and  cover. 

It  is  scarcely  necessary  to  add  any  details  respecting  the  habits  of  this  bird ;  for  in 
this  remote  region  it  appears  the  exact  counterpart  of  the  familiar  partridge  of  New 
England.  True,  they  are  here  very  tame  and  almost  devoid  of  fear  of  man ;  so  tame 
are  they,  in  fact,  that  without  a  dog  it  is  well  nigh  useless  to  attempt  their  pursuit. 
Provided  with  almost  any  sort  of  a  cur  that  will  run  through  the  bushes  and  bark 
when  the  birds  wing  their  way  to  the  nearest  tree,  which  they  will  invariably  do  when 
started,  almost  any  desired  number  may  be  potted ;  for  ^'  pot  hunting  "  it  is,  and  noth- 
ing else. 

Much  the  same  statement  ma^  be  made  of  the  conduct  of  the  ruffed  grouse  in  the 
more  remote  New  England  districts,  as  in  some  unfrequented  parts  of  Maine ;  so,  with 
a  statement  of  genenu  conformity  of  habits,  the  subject  may  be  left. 

PERDICID^— Quails. 

Orborttx  Baird. 

0.  |Hc/iM  (Dougl.).    Mountain  Quail. 

Judging  from  the  personal  field  experience  of  the  past  three  seasons,  this  fine  game- 
bird  is  much  more  numerous  within  an  area  of  twenty-five  miles  of  Carson  than  any- 
where to  the  northward.  In  fact,  it  is  only  at  rare  intervals  that  it  appears  to  cross  the 
mountains  and  appear  along  the  eastern  slope.  Evidence  upon  this  point  is  not  so 
full  aa  could  be  desired,  since  its  introduction  at  the  hands  of  man  at  certain  points 
renders  the  question  of  its  natural  distribution  in  this  region  a  difficult  one  to  deter- 
mine. In  general,  it  is  safe  to  say  that  the  places  where  tney  have  reached  and  main- 
tained a  residence  along  this  slope  are  very  few.  Nevertheless,  about  Carson,  at  Eagle 
and  Honey  Lakes,  Cal.,  and  at  The  Dalles,  on  the  Columbia,  their  presence  was  dO' 
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tected,  and  is  to  be  accounted  for  through  the  natural  dispersion  of  the  species.  £1b0> 
where  as  at  several  localities  near  Camp  Bidwell,  Cal.,  the  soYeral  covies  are  Uie  A»- 
Bcendants  of  birds  brought  from  the  Pacific  slope  and  let  loose  to  shift  f6r  theii»eW«i. 
They  are  nowhere  in  this  region  very  numerous. 

D€9riptian  of  first  plumage  of  young, — Prevailing  color  of  the  head,  neck,  back  sid 
breast  grayish  olive,  more  plumbeous  beneath,  and  everywhere  more  or  lees  sprinkled 
with  waite ;  the  markings  on  the  breast  larger  and  of  more  regularly  deltoid  fom; 
chin,  whitish;  throat  and  cheeks  mixed  with  dark  plumbeous,  a  dusky  ainicds 
patch  with  an  indistinct  whitish  line  just  above.  Crest,  1^  inches  long ;  black,  iriti 
tips  irregularly  marked  with  zigzag  lines  of  pale  fulvous.  Scapu  lars,  wing-o<>vcrtit 
tertials,  and  rectrioes  pale  brownish,  finely  vermiculated  with  dusky.  Abdonn 
whitish ;  flanks  marked  with  chestnut  and  white ;  bill  blackish ;  feet  pale  browiL 

LoPHORTYX  Bonaparte. 

X.  califomioua  (Shaw).    California  Valley  Quail. 

This  quail  is  nowhere  indigenous  along  the  eastern  slope,  as  the  high  niOQutacBtoAr 
a  complete  barrier  to  its  extension.  Those  introduced  about  Cazson  appear  ts  j«( 
hold  their  own. 

CHARADRIID^:— Plovers. 
^GULiTis  Boie. 

A.  voci/sriM  (L.).    Killdeer  Plover. 

An  abundant  summer  inhabitant  of  this  whole  region,  the  monntains  excepted. 
Nests  on  the  marshy  borders  of  all  the  lakes.  Numerous  fresh  eggs  were  found  tt 
Washoe  Lake,  Nevada,  May  30. 

RECURVIROSTRIDiE— Stilts,  Avocets. 

Recurvirostra  Linnseus. 

R»  americana  (Qmel.).    American  Avocet. 

Our  knowledge  of  the  range  of  this  species  over  the  United  StAtes  is  so  foil  ttd 
complete  that  little  remains  to  be  added.  Except  immediately  upon  the  Pacific  esiil, 
where  it  is  found  in  comparatively  small  numbers,  no  portion  of  the  Rocky  Moontiiiii 
and  the  region  to  the  westward  has  been  entered  by  our  parties  withontfindisgtius 
bird,  at  the  proper  season  and  in  suitable  localities,  abundant. 

During  the  migrations  its  distribution  in  the  West  is  extremely  general,  snd  iii 
presence  is  to  be  expected  along  all  of  the  streams,  ponds,  and  lakes,  except,  perhspi, 
in  the  highest  mountainous  districts,  from  the  Mississippi  to  the  Pacific. 

In*  the  breeding  season  its  range  is  scarcely  less  restricted,  and  those  sections  oi^ 
are  exempt  from  its  visits  that  lack  the  necessary  requisites  to  its  mode  of  life  at  tkii 
period. 

Id  the  neighborhood  of  Washoe  Lake,  Nevada,  it  is  especially  numerous,  and  htre. 
about  the  middle  of  May,  I  found  the  birds  paired,  while  some,  at  least,  were  bnildi^. 
They  were  first  noticed  on  some  small  ponds  near  the  shores  of  the  lake,  a  lo^ili^ 
quite  typical  of  their  choice  at  this  season.  The  muddy  flats  of  such  little  inlets  always 
prove  more  attractive  to  birds  of  their  habits  than  larger  bodies  of  water,  inasmneh  is 
the  shallows  permit  them  to  wade  about  with  perfect  freedom ;  while  food,  which  ia 
sumnit^r  consists  very  largely  of  the  larvie  of  aquatic  insects,  is  more  abundant  ia 
these  tepid  waters,  as  well  as  more  readily  obtained.  I  have  sometimes  thought  that 
alkaline  marshes  and  ponds  were  really  preferred  by  these  birds,  attributing  thia 
choice  to  the  possible  fact  of  the  greater  abundance  of  the  larvae  alluded  to  in  sncfa. 
Be  this  as  it  may,  the  fact  that  water  happens  to  be  extremely  brackish  and  alkaline 
is  at  least  no  drawback  to  the  avocets. 

While  the  avocets  are  waders  in  the  fullest  meaning  of  the  term,  they  are  also  adapt 
swimmers  when  choice  or  necessity  calls :  but  of  this  accomplishment,  so  far  as  my  obser-  • 
vations  go,  they  rarely  when  unmolested  avail  themselves.  I  remember  on  one  occasina 
to  have  seen  a  wing-tipped  avocet  trust  itself  pluckily  to  the  waters  of  a  broad  lake 
and  swim  steadily  out,  though  in  the  face  of  a  gale  that  I  should  have  thought  a  daek 
oould  scarcely  have  stemmed ;  since  which  time  I  have  always  entertained  a  hi^ 
opinion  of  the  natatorial  powers  of  this  species,  although,  as  remarked  before,  tbSy 
are  usually  held  in  abeyance. 

On  the  occasion  of  m^  first  visit  to  the  place  mentioned  above,  I  found  the  biidi, 
with  now  and  then  a  stilt,  in  considerable  force,  and  so  great  was  their  solicitude  at 
.my  intrusion  and  so  vehement  their  outcries,  that  I  took  it  for  granted  I  waa  ii 
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immediate  proximity  to  their  nests.  My  search  proving  of  no  avail,  I  accepted  without 
hesitancy  the  apparent  fact  that  I  had  anticipated  b^'  a  few  days  their  nesting- 1 ime ; 
and  it  was  not  until  June  1  that  I  learned  the  f nil  extent  of  the  deception  that  the 
wily  birds  had  practiced  npon  me. 

While  collecting  at  that  date  in  a  very  similar  locality  half  a  mile  or  more  np  the 
lake,  I  found  myself  possessed  of  their  secret,  and  in  the  midst  of  a  large  colony  of  both 
avocets  and  stilts,  while  numbers  of  the  nests  of  either  bird  rewarded  an  easy  search. 
As  was  plainly  to  be  seen,  it  was  their  foraging  trips  that  carried  them  away  from  home 
to  the  place  where  I  had  at  first  encountered  them.  Even  at  this  remote  x>oint,  their 
anxiety,  real  or  pretended,  had  enabled  them  to  effectually  blind  me  as  to  the  actual 
situation  of  their  breeding-ground. 

If  the  ontcries  of  the  few  had  been  noticeable  before,  the  confusion  of  sound  result- 
ing from  the  combined  numbers  of  the  whole  colony  was  simply  bewildering.  The 
unfortunate  pair  whose  nest  I  first  stumbled  upon  used  all  the  artifices  common  to  birds 
in  such  a  strait  to  entice  me  away.  They  would  run  furtively  about  a  few  yards  dis- 
tant, and  then  squat  close  down  to  the  ground,  and  grovel  in  the  loose  earth  as  if  set- 
tling over  their  eggs,  while  they  kept  uttering  subdued  coaxing  notes  as  though  call- 
ing to  imaginary  young.  Their  efforts  at  simulating  the  actions  of  wounded  birds, 
which  was  the  evident  significance  of  the  drooping  wings  and  staggering  gait  ado[^ted, 
were  not  very  successful,  and  the  nature  of  the  deceptiou  was  too  apparent  to  deceive 
even  a  novice.  After  a  while  they  appeared  to  become  convinced  of  the  futility  of 
these  attempts,  and  then  rage  took  the  place  of  sorrow.  Flying  about  me  in  wide  cir- 
cles, the  various  pairs  screamed  and  scolded  till  apparently  exhausted  by  the  excess 
of  their  emotions,  when  they  betook  themselves  to  a  safe  distance.  I  could  not  help 
fancying  that  the  amount  of  sympathy  extended  the  bereft  birds  by  their  neighbors 
was  in  pretty  exact  ratio  to  the  proximity  of  their  own  nests,  those  pairs  being  the 
most  venturesome  and  vehement  whose  own  danger  appeared  greatest^  while  away  on 
the  verge  of  the  marsh  stood  quietly  or  fed  leisurely  about,  in  fanoiea  security,  those 
couples  whose  distant  homes  seemed  not  to  be  threatened. 

In  placing  its  nest  the  avocet  shows  a  certain  degree  of  cunning,  and  for  this  pur- 
pose usually  avails  itself  of  some  little  islet  or  isolated  strip  of  marshy  ground  where 
its  eggs  and  young  are  comparatively  removed  from  the  danger  of  intrusive  visits 
from  all  four-footed  prowlers.  One  enemy  they  have  from  which  this  situation  offers 
no  protection.  I  refer  to  the  inland  gull  of  this  region,  the  Larus  californicu^.  Gulls, 
as  is  well  known,  are  very  fond  of  eggs,  and  never  allow  a  chance  of  robbing  other 
birds  to  pass  by  unimproved.  In  the  present  instance  the  outcries  of  the  abused  avo- 
cets had  attracted  the  attention  of  a  flock  of  the  above  birds  that  had  been  hovering 
over  the  lake,  and,  apparently  scenting  their  opportunity,  they  swept  in  on  poised 
wings  or  moved  in  gentle  circles,  awaited  a  favorable  moment  to  descend  to  the  feast. 

That  both  avocets  and  stilts  were  well  aware  of  the  proclivity  of  these  new  foes  was 
soon  apparent.  For  when  oi^e  of  the  gulls,  becoming,  perhaps,  impatient,  tiew  in  close 
to  the  nests,  all  the  birds  near,  forgetting  on  the  iusUiut  their  human  enemy,  com- 
bined to  repel  this  fresh  assault.  Gaining  a  vantage  ground  above  the  big  birds,  they 
pounced  down,  striking  their  foes  with  wings  and  bills,  until  the  gulls  were  forced  to 
a  hasty  and  ignominious  retreat.  These  attacks  and  counter-attacks  were  repeated 
several  times,  until  the  gulls,  discomfited  by  their  warm  reception,  left  the  vicinity. 

The  eggs  are  laid  in  plain  view,  and  are  quite  unprotected  by  grasses  or  other  screen- 
ing. The  slight  hollow,  scratched  and  patted  down  in  the  damp  soil  to  receive  them, 
is  occasionally  quite  thoroughly  lined,  of teuer  very  slightly,  with  bits  of  weeds,  stalks, 
4&C.    The  number  of  eggs  varies  from  two  to  four. 

HiMANTOPUS  Brissou. 

H,  liufricollh  (Vieill.).     Black-neck  Stilt. 

The  mode  of  life  of  the  stilt  is,  in  all  important  particulars,  like  that  of  the  avocet, 
and  KO  invariably  have  the  two  birds  been  associated  when  under  my  notice,  especially 
at  the  breeding  period,  that  anything  which  brings  to  mind  the  one  species  is  sure  to 
recall  the  other.  This  companionship  is  a  purely  accidental  one,  arising  from  an  inde- 
pendent choice  of  the  same  localities,  underthe  promptings  of  similar  tastes  as  to  food 
and  other  necessities.  Both  are  waders  par  excellence.  But  if  the  stilt  ever  swims  at 
all,  and  it  doubtless  possesses  this  power  to  a  certain  extent  in  common,  I  believe,  with 
each  and  every  member  of  its  long-legged  fraternity,  it  must  be  only  in  extreme  emer- 
gencies. I  have  myself  never  seen  it  take  to  the  water  under  any  circumstances.  In 
many  other  minor  particulars  of  habits  and  actions  the  two  birds  differ. 

In  the  West  one  mav  expect  to  find  the  nests  of  the  stilts  alternating  at  short  dis- 
tancee  with  those  of  the  avocets,  as  if  the  two  were  unconscious  or  at  least  indifferent 
to  each  other's  presence.  Indeed,  in  many  instances  it  wonld  be  no  easy  task  to  satis- 
^torily  identify  the  eggs  of  the  two  species  in  the  rabble  of  parent  birds  that  hover 
around  the  intruder,  were  it  not  for  the  fact  that  the  very  considerable  difference  of 
size  in  the  birds  is  exemplified  in  the  eggs,  those  of  the  stilt  being  very  perceptibly  the 
asaaUer^  ivorresponding  with  its  more  slender  and  everyway  less  balky  body. 


i 


2298  REPORT   OF   THE    CHIEF    OF   ENGINEERS. 

When  a  colony  of  the  two  species  is  disturbed,  they  seem  to  vie  with  each  other  in 
the  importunity  of  their  attempts  to  mislead  the  intruder.  Thus  it  often  happens  that 
the  eeg  coUector  will  tind  himself  at  his  wit's  end  to  determine  the  precise  ownership 
of  a  clutch  of  egj;s  before  him  in.  the  dozen  or  more  stilts  and  avocets  which  are  flviDg 
about.  He  has  only  to  exercise  a  little  patience  and  remain  quiet  nntil  the  excitemeol 
of  the  birds  has  had  time  to  abate  somewhat,  when  pair  by  pair  the  strangers  will  drop 
away  till  one  or  two  only  are  left.  From  these  he  will  soon  be  able  to  pick  out  iht 
owners  of  the  particularneat  by  their  more  persistent  and  manifestly  greater  solicitndt 

The  young  of  both  species  leave  the  nest  almost  immediately  upon  being  hatched, 
and  I  have  several  times  found  them  in  a  condition  so  weak  and  helpless  that  tbey 
seemed  scarcely  able  to  stand,  much  less  walk;  suggesting  indeed,  by  their  helplco- 
ness,  the  possibility  of  their  having  been  removed  from  the  nest  by  the  parent  birds 
upon  the  first  sign  of  danger. 

I'HALAROPODID^,  Phalaropes. 

Steoaxopus  Vieillot. 

S,  tvilsoni  (Sab.).    Wilson's  Phalarope. 

Of  the  three  species  of  pbalaropes  the  present  is  much  the  best  known,  probab}f 
because  of  its  very  general  diffusion  throughout  the  interior,  and  because  it  bnedi 
abundantly  with  us. 

In  the  reeion  in  question  it  has  been  found  to  be  plentiful,  both  as  a  spring  and  &11 
migrant  and  as  a  summer  resident. 

This  phalarope  was  first  noticed  about  Washoe  Lake,  Nevada,  May  17,  and  the  fini 
arrivals  from  tne  south  probably  occur  early  in  this  month.  By  the  ^S3d  many  btd 
paired,  and  much  anxiety  was  manifested  when  I  approached  certain  localities  ia  the 
marsh,  where,  however,  I  could  find  no  nests.  At  this  date  they  were  probably  jort 
about  ready  to  lay,  and  a  female,  when  dissected,  was  found  to  contain  a  well-derei- 
oped  egg. 

For  nesting  purposes  this  bird  appears  always  to  prefer  the  borders  of  little  pook, 
and  the  grassy,  boggy  edges  of  prairie  sloughs,  to  the  neighborhood  of  large  bodies  of 
water ;  and  in  this  region  one  rarely  approaches  a  locality  of  the  nature  of  those  fint 
mentioned  without  being  met  by  one  or  more  pairs  of  pbalaropes,  that  come  fiyio^  to 
meet  the  visitor  with  subdued  and  solicitous  notes  that  clearly  betray  their  anxiety 
to  learn  the  character  of  his  errand. 

As  their  nests  and  eggs  have  often  been  described,  they  need  not  be  touched  npoo 
here. 

LoBiPES  Cuvier, 

i.  hyperboreus  (L.).    Northern  Phalarope. 

Of  more  common  occnrrence  upon  either  coast,  this  phalarope  is  yet  occasiooilly 
found  in  our  interior  during  both  the  spring  and  fall  migrations.  Thus  the  last  week 
of  May  the  little  ponds  and  inlets  about  Washoe  Lake  were  found  to  contain  nnmerou 
flocks,  large  and  small,  all  which  seemed  to  be  in  the  greatest  possible  haste  to  resch 
points  unknown  farther  to  the  north. 

The  little  phalarope  unites  in  itself  the  characteristics  of  several  families,  andseemi, 
as  it  were,  a  sort  of  connecting  link  between  them.  Thus  in  it  appear  the  general  oat- 
lines  and  trimness  of  form  that  distinguish  the  -sandpipers,  joined  to  a  plnmage  mocb 
like  a  duck^s,  while  the  lobing  of  the  feet  appears  to  be  modeled  after  the  plan  of  the 
coot^s.  Its  habits  express  these  peculiarities  of  structure  very  nicely,  for  in  nimblenetf 
it  simulates  the  sandpipers,  if,  indeed,  it  does  not  surpass  them ;  while  very  few  of  tbe 
latter  can  compare  with  the  lobe-foot  in  grace  and  elegance.  Added  to  these  qualities, 
its  natatorial  powers,  when  are  taken  into  account  its  diminutive  size  and  pigmy 
strength,  are  really  of  first«class  order. 

It  is  difficult  to  imagine  a  more  beautiful  sight  than  that  presented  by  a  flock  of 
these  pbalaropes  as  in  their  brightly-colored  nuptial  dress  they  pass  with  gractfal 
action  along  tne  shallows  in  search  of  food.  In  some  respects  their  moTements  wheo 
thus  engaged  are  pecnliar  and  quite  unlike  those  of  any  other  bird  with  which  I 
am  acquainted.  The  flocks  I  saw  kept  closely  together,  and  in  a  compact  body  moved 
hastily  alon^,  each  bird  gleaning  the  ground  as  ne  advanced  by  a  continnons  move- 
ment from  side  to  side,  the  body  being  turned  quickly,  as  on  a  pivot,  and  the  bill  low- 
ered into  the  water  with  a  quick  thrust.  This  action  gave  each  bird  the  appearance  of 
describing  at  every  movement  a  full  half  circle,  while  the  motions  of  the  whole  flock 
were  so  constant,  rapid,  and  uniform  that  they  resembled  more  the  actions  of  a  living 
machine  moved  by  one  impulse  than  a  flock  of  individual  birds  actuated  by  separate 
wills.  In  the  manner  described  they  passed  in  a  very  few  moments  over  coiisidersblt 
space,  and  I  think  it  likely  that  thetf^e  flocks  were  actually  migrating  at  the  time;  it 
all  events,  the  course  maintained  by  them,  as  long  as  they  were  under  notice,  waa  a  doe 
northerly  one. 
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Like  most  other  species  whose  '^  make-up  "  enables  them  them  to  swim  and  wade 
with  equal  facility,  our  phalarope  prefers  the  latter,  and  when  feeding  quietly  onlv 
avails  itself  of  swimming  when  it  encounters  some  deep  channel  that  interferes  witn 
progress.  Or,  again,  when  disturbed  by  too  close  scrutiny,  they  take  to  the  water  with 
an  assurance  that  indicates  it  is  no  novelty  to  them.  Thus  they  frequently  became 
alarmed  under  my  espion^e  and  swam  to  the  midst  of  the  pond,  and,  having  put  be- 
tween us  what  they  considered  a  safe  distance^  gathered  quietly  in  a  compact  circle 
and  awaited  further  developments  with  an  air  of  wonder  and  innocent  expectation 
that  was  very  amusing,  as  well,  too,  as  touching  in  its  utter  nnsophistication. 

This  species  attains  a  nearly  full  development  of  the  nuptial  plumage  within  our 
limits,  as  was  evidenced  by  the  birds  referred  to  here. 

The  females,  as  in  case  of  the  other  two  species,  are  much  the  brightest  of  the  sexes, 
and  the  most  highly  colored  male  hardly  equals  the  dullest  female. 

Upon  dissection,  evidence  appeared  of  strong  sexual  excitement  in  both  sexes,  and 
I  am  inclined  to  believe  that  this  phalarope  will  yet  be  found  to  breed  along  our 
northern  frontier,  possibly  even  in  the  mountains  of  Oregon.     In  fact.  Dr.  Cooper 

Seaks  of  having  seen  a  pair  of  either  this  species  or  the  red  phalarope  in  the  Cascade 
ountAins  of  Washington  Territory  in  August,  which  he  thought  were  probably  breed- 
ing. The  latter  species  has  never  fallen  under  my  observation  in  the  West,  and  it  ia 
chiefly  maritime. 

SCOLOPACIDiE— Snipe. 
Gallinago  Leach. 

G.  wihoni  (Temm.).    Wilson's  Snipe. 

Although  the  range  of  the  Wilson's  snipe  during  the  migrations  covers  the  United 
States  ftx)m  ocean  to  ocean,  its  breeding  limits  are  much  more  circumscribed,  being 
chiefly  along  and  beyond  onr  northern  borders.  But  in  many  of  the  mountainous  sec- 
tions of  the  far  West  it  finds  a  climate  and  conditions  well  adapted  to  its  needs,  and 
here  it  passes  the  summer  at  a  somewhat  lower  latitude  than  in  the  East.  In  Oregon, 
as  also  throughout  all  that  portion  of  Eastern  California  and  Western  Nevada  to  the 
north  of  the  line  of  the  railroad,  the  Wilson's  snipe  may  be  confidently  looked  for  in 
summer  in  all  the  little  mountain  meadows  and  along  such  alpine  streams  as  bv  virtue 
of  their  overflow  are  bordered  bv  the  soft,  oozy  spots  which  are  so  indispensable  to  its 
habits.  As  often  as  otherwise  tnese  tracts  occur  among  pine  timber  at  quite  elevated 
altitudes. 

I  first  became  aware  of  its  presence  in  Nevada  June  15.  At  this  date,  while  making 
camp  Just  at  dusk  near  a  small  stream  at  the  base  of  the  mountains,  I  heard  for  the 
first  time  the  peculiar  sounds  which  are  made  by  this  snipe  during  the  excitement  of 
the  love  season,  and  I  confess  that  at  first  I  was  not  a  little  puzzled  to  explain  their 
authorship.  Afterwards  I  had  several  opportunities  to  observe  the  birds  in  the  very 
act  of  producing  them.  The  first  impression  received,  shared  in,  too,  by  other  members 
of  the  partv  as  the  sounds  were  borne  to  the  ear  from  a  distance,  was  that  they  were 
the  )iote8  of  one  of  the  small  owls,  muflied  and  disguised  by  reason  of  the  remoteness 
of  the  bird.  As  the  snipe  flew  nearer,  and  particularly  as  it  passed  directly  overhead, 
the  nature  of  the  sound  became  more  apparent,  it  then  being  comparable,  as  closely  as 
anything  I  could  think  of,  to  the  whistling  noise  which  is  so  marked  a  peculiarity  in 
the  flight  of  the  common  dove  (Zenaidura).  This  was  the  comparison  that  was  sug- 
gested to  all  the  party  at  the  time,  although  it  fails  to  give  a  very  precise  idea  of  its 
peculiar  character.  Mr.  Ridgway  hearing  the  snipe  from  a  distance  likens  it  to  the 
*'  noise  produced  b3'  water  escaping  from  a  nearly  full  jug,"  it  having  *^  a  hollow,  gurg- 
ling sound."  However  observers  may  difier  in  interpreting  its  peculiarities,  no  one, 
I  think,  who  hears  under  favorable  circumstances  the  sound  we  have  attempted  to  de- 
scribe, is  likely  to  agree  with  Nuttall  in  his  supposition  that  the  sound  proceeds  from 
the  bird's  throat.    It  is  unquestionably  due  to  the  wings  alone. 

The  modua  operandi  is  somewhat  as  follows:  Mounting  high  in  air  the  bird  flies  rap- 
idly antl  excitedly  back  and  forth,  and  at  intervals  of  every  moment  or  two,  and  while 
at  fall  speed,  the  head  is  lowered,  the  win^  bent  and  stiffened,  and  a  downward 
plimge  made  at  an  abrupt  angle,  which  terminates  suddenly  with  a  sharp  ascent ;  and 
it  is  at  the  moment  that  the  downward  is  changed  to  the  upward  flight  that  the 
sound  is  produced.  To  make  such  an  extremely  abrupt  change  in  the  Hue  of  flight 
possible,  the  wings  must  be  bent  into  an  unusual  shape,  and  by  reason  of  their  action 
upon  the  air  comes  the  whistling  sound. 

During  the  mating,  and  in  fact  through  most  of  the  breeding  period,  and  continu- 
ing even  after  the  young  are  hatched,  the  birds  begin  these  evolutions  as  soon  as  dusk 
comes  on,  and  contioue  them  at  irregular  intervals  until  about  nine  o'clock.  The  notes 
are  not  heard  again  till  about  davbreak,  and  they  cease  before  sun-up.  But  should 
the  day  be  cloudy  the  snipe  may  be  seen  flying  in  the  manner  described  till  late  ia 
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tbe  morning,  often  indeed  till  nearly  noon.  I  think  that  the  males  alone  am  «&• 
<yemed  in  the  production  of  these  odd  notes ;  but  of  this  I  am  not  sare.  The  aeia 
have  a  harsh  call-note  in  common  which  they  utter  as  they  fly  casually  aboat^  whIA 
m&j  be  expressed  by  the  syllables  kft-kd-kft>kA ;  thus  very  different  from  the  "  mnsleal'* 
scaip-scaip,  so  familiar  to  every  sportsman. 

Other  evidence  is  not  wanting  to  show  that  our  long-billed  friend  of  skulking  pro- 
olivities  allows  the  events  of  the  love  season  to  quite  turn  bis  head,  and  varioiB  ire 
the  idiosyncrasies  that  take  the  place  of  his  usual  staid  habits.  One  need  not,  then,  bi 
surprised  upon  putting  him  up  in  summer  to  find  him  alighting  on  a  tree  or  fenee-nfl, 
and,  so  perched,  to  stand  for  long  intervals  as  though  rapt  in  deep  meditation. 

In  the  region  in  question  the  snipe  apparently  begins  to  nest  some  time  in  May,  ud 
by  the  middle  of  June  I  found  young  not  fully  divested  of  the  down. 

Several  nests  were  found  with  the  cracked  egg-shells  lying  immediately  about.  Iltf 
are  usually  built  on  a  tussock  of  grass,  if  indeed  the  teiin  building  is  applicable  toth* 
alight  structure  made  by  bending  down  a  few  grass  blades  and  adding  a  few  bits  of 
withered  herbage. 

Trikoa  Linnaeus. 

T.  minutilla  Vieill.    Least  Sandpiper. 
Common  during  the  migrations. 

Ereunetes  niiger. 

E,  pusillua  (L.).    Semipalmated  Sandpiper. 
As  preceding.  x 

ToTANUS  Bechstein. 

T,  semipalmatua  (Gmel. ).    Willet. 

Present  about  Washoe  Lake  in  May,  where  it  probably  breeds,  as  it  certainly  doMU 
many  similar  localities  to  the  northward. 

J.  melaiuflenous  (Gmel.).    Greater  Yellow  Legs. 

'  Numerous  as  a  migrant.    Flocks  of  this  species  were  seen  on  their  way  aoatkii 
early  as  July  27. 

Trinooides  Bonaparte. 

T.  nmctilariu^  (L.).    Spotted  Sandpiper. 
A  summer  visitant  throughout  this  region,  although  not  very  numerous. 

NuMENius  LinnsBus. 

X.  longiroaMs  (Wils.).    Long-billed  Curlew. 

Numerous  as  a  summer  resident  along  the  marshy  borders  of  the  large  lakes,  bat 
most  abundaut  during  the  fall  migrations.  In  August  the  stubble-fields  near  Goott 
Lake  were  fairly  dotted  with  these  birds,  busily  at  work  hunting  grasshoppers. 

TANTALID^— Ibises. 

Plegadis  Kaup. 

P.  gunranna  (L.).    Bronzed  Ibis. 

This  ibis  has  an  extensive  range  in  the  west,  it  finding  place  as  occurring  at  one 
season  or  another  in  nearly  all  the  local  lists  of  the  country  west  of  the  Mississippi 
River.  It  reaches  to  the  north  as  far  as  Southern  Oregon,  where  it  breeds.  As  the 
species  was  not  found  by  Bendire  about  Camp  Harney  we  may  perhaps  assume  that  tbe 
above  is  about  its  northern  limit.  Nowhere  is  it  more  abundant  tnan  in  the  regka 
irom  the  line  of  the  railroad  t-o  Northern  California  and  Nevada,  being  there  foood 
in  summer  as  an  inhabitant  of  the  tulle  swamps  on  all  the  lakes  large  and  small, 
except  in  the  high  mountains. 

Its  general  habits  are  much  like  those  of  the  herons,  and  the  marsh  and  riongh  are 
not  more  essential  to  the  mode  of  life  of  the  latter  birds  than  of  the  glossy  ibis.  Dar- 
ing the  migrations,  it  is  true,  fiocks  of  ibises  may  be  seen  feeding  in  plain  view  in  tlM 
open  shallows  along  shore,  but  it  is  quite  exceptional  to  find  them  in  such  situatiooi 
during  the  breeding  season.  Apart  from  their  habit  of  nesting  amone  the  rushes  tbs; 
seem  to  prefer  the  secrecy  and  solitude  conferred  on  them  by  the  shelteiing  reeds,  aad 
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il  th^  marsh  be  treacheroog  and  oozy  so  mach  the  better  is  it  likely  to  prove  for  their 
■pftcial  purposes  as  favoring  complete  isolation.  While  daok- shooting  the  report  of 
wskj  gun  has  freqoently  started  np  a  dozen  or  more  of  these  ibises,  that  sprang  with 
lioarse  croakinss  from  little  muddy  pools  and  recesses  almost  within  stone's-throw,. 
-where,  screened  apon  all  sides,  they  had  been  quietly  feeding  without  conveying  a  hint 
of  their  presence. 

Inherent  in  the  nature  of  the  ibis  there  is  a  certain  wariness  which  to  some  extent 
Slakes  amends  for  its  natural  stupidity.  For,  to  few  birds  does  the  term  stupid  apply 
with  more  force  than  to  the  present  species.    The  very  ^  make-up  **  of  the  bird  is  sug- 

festive  of  a  sluggish  disposition,  there  being  evident  a  certain  uuffainliness  of  form 
bat  it  is  impossible  to  associate  with  keen  intellectual  activity,  ana  that  is  the  very 
reverse  of  what  is  implied  by  the  alert  actions  and  elegant  appearance  of  its  allies^  the 
herons.  Doubtless  tne  long,  heavy  bill  and  slender  neck  surmounting  its  thickset 
bodv  contribute  much  to  its  uncouth  appearance,  and  convey  an  impression  which  the 
really  beautiful  plumage  serves  only  partially  to  dispel.  However,  the  ibis  may  safely 
claim  that,  even  if  its  appearance  is  not  in  all  respects  pleasing  to  the  eye,  its  ensemble 
has  at  least  the  beauty  of  utility,  and  its  stout  legs  and  long  toes  and  claws^  its  heavy, 
curved  bill  and  long  neck  all  serve  most  admirably  the  purpose  intended,  which  is,  after 
all,  the  chief  consideration. 

By  the  20th  of  May  the  ibises  all  appeared  to  be  paired  about  Washoe  Lake,  although 
neither  then  nor  a  week  later  was  I  able  to  find  their  nests.  Perhaps  this  was  a  little 
early  for  the  deposition  of  the  eggs,  although  the  oviduct  of  a  female  shot  June  3  con- 
tained a  perfect  egg. 

ARDEID^— Herons. 

Ardea  Linnseus. 

-d.  herodias  L.    Great  Blue  Heron. 
A  common  summer  inhabitant  of  this  whole  region. 

Herodias  Boie. 

-ff.  enretUi  (Gm.).    Great  White  Egret. 

Colonies  of  this  species  reside  in  summer  on  many  of  the  lakes  which  lie  at  the  foot 
of  the  mountains  in  Eastern  California  and  Western  Nevada,  while  we  learn  from 
Captain  Beudire  of  an  extensive  heronry  as  high  to  the  north  as  Lake  Malheur, 
Oregon. 

Warner  Lake,  just  within  the  southern  borders  of  that  Territory,  forms  a  favorite 
I'esort  for  several  species  of  the  heron  family.  The  white  egret  unites  with  the  others 
to  form  colonies  that  build  their  nests  in  the  larger  growth  of  willows  along  shore. 

Visiting  such  a  heronry  in  September  I  found  a  dozen  or  more  of  the  partially  fledged 
young  swinging  by  the  necks  from  the  crooked  branches  where  they  had  evidently 
fallen  as  they  clambered  about  the  nests,  and  perishing  miserably  had  hung  till  cou- 
_  Verted  into  mummies  by  the  dry  winds. 

Garzetta  Kaup. 

(r.  candidiasittM  (Jacquin.).    Little  White  Egret. 

Observed  at  several  localities  in  Nevada  and  Eastern  California  where  it  is  not  so 
common  as  the  preceding. 

Nyctiardea  Swainson. 

X,  grisea  mevia  (Bodd.).    Night  Heron. 
Perhaps  the  most  abundant  of  the  family,  and  present  in  all  the  marshes. 

Botaurus  Stephens. 
B,  minor  (Gm.).    Bittern. 

A  common  summer  visitant  as  far  north  as  Southern  Oregon,  reaching  perhaps  into 
Washington  Territory  as  it  does  to  Puget  Sound  on  the  coast.    (Cooper.) 

GRUID^— Cranes. 
Grus  Linnaeus. 

G,  canadaisis  (L.).    Sandhill  Crane. 

These  lar^e  birds  are  numerous  in  so  many  portions  of  Nevada,  California,  and  Ore- 
gon that  it  13  scarcely  worth  while  to  particularize  localities. 
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They  breed  in  many  of  the  sub-alpine  valleys,  where  are  found  meadows  of  soffickil 
extent  to  afford  both  food  and  protection,  and  to  these  and  the  tnle  swamps  tb^ 
mainly  limit  themselves  and  the  young  till  the  latter  are  able  to  shift  f or  themfldm  i 
In  some  localities  where  such  resorts  are  not  available,  an  occasional  pair  of  oldbiidi] 
may  be  seen  accompanied  bv  a  youne  one  or  two  feeding  on  the  grassy  plain  oropaj 
stretches  of  vall.ey,  where  plenty  of  food  is  found  in  the  shape  of  grasshoppei^.  U 
once  an  Indian  catch  sight  of  one  of  these  families  and  he  makes  short  woricof  the 
young  birds,  which  are  readily  secured  from  horseback,  or  even  ran  down  afoot 

Towards  fall  the  cranes  become  more  numerous,  or,  at  least,  more  conspicaouB,aQdii 
the  region  mentioned  form  a  part  of  everyday  scene,  as  in  small  companies  thef  td 
about  in  open  view  or  fly  in  long  lines  from  one  valley  to  another,  uttering  thditis- 
describably  odd  notes. 

I  know  of  no  other  bird  that  carries  its  instinct  of  caution  to  so  great  an  extent  u 
does  the  crane ;  and  he  mast  be  careful  indeed  or  greatly  favored  by  fortone  who  ob- 
tains a  shot  at  one. 

The  crane  is  usually  held  to  be  delectable  fare ;  but  my  own  experiments  upon  tbeo, 
as  servecl  up  in  camp  style,  have  not  been  entirely  satisfactory,  and  I  have  found  tha 
tough  and  somewhat  too  gamey  to  bear  the  test  of  even  a  moantain  appetite. 

« 

RAXLIDwS:— Rails. 

PORZAXA  Vieillot. 

P.  Carolina,  Cab.    Carolina  Rail. 

Found  throughout  the  summer,  but  apparently  not  so  common  as  the  saooeediog 
species. 

Rallus  LlnnteuB. 

B,  virginianu8  (L.).    Virginia  Rail. 
Numerous  about  all  the  marshy  lakes. 

FuLiCA  Linnaeus. 
F,  americana  (Gm.).    Coot. 

An  extremely  abundant  summer  resident  of  all  the  lakes,  large  and  small,  of  this 
region. 

They  begin  to  build,  about  Washoe  Lake,  Nevada,  the  middle  of  May,  at  which dAto 
but  few  eggs  had  been  laid,  the  majority  of  the  pairs  being. still  engaged  upon  their 
nests. 

Their  nests  and  nesting  habits  are  too  well  known  to  need  description  here.  Aclatch 
consists  of  from  seven  to  twelve  eggs.  The  latter  number,  however,  is  very  exoep* 
tional,  nine  being  perhaps  the  average  nestfull. 

ANATID^— Ducks,  Geese. 

Cyonus  Linuceas. 

C.  americanuSy  Sharpless.    Whistling  Swan. 

The  swans  are  among  the  latest  migrants  from  the  north,  and  henoe  come  too  lite 
to  fall  under  observation  of  our  field  parties. 

With  the  approach  of  cold  weather  they  occur  in  most  or  all  the  large  lakes  of  thiB 
region,  as  well  also  upon  many  of  the  large  streams. 

It  is  certain  that  the  above  species  occurs  as  stated,  and,  in  all  likelihood,  the  C.  i■^ 
cinatar  is  also  found  at  the  same  time. 

Anser  Linnsens. 

r 

J,  gamheli  (Hartl.).    Speckle-bellied  Goose. 

Towards  the  last  of  August  in  Northern  California  this  species  began  to  arrive  froB 
the  north  in  considerable  numbers.  It  becomes  very  abundant  at  a  somewhat  later 
date. 

A,  hyperboreu8,  Pall.    Snow  Goose. 

Arrives  rather  later  than  the  preceding,  and  perhaps  in  rather  fewer  numbers. 

The  Chen  {Chen  Bossi)  has  been  found  by  Captain  Bendire  at  Malheur  Lake,  Oregon, 
and  in  all  probability  is  of  regular  occurrence  as  a  migrant  on  the  interior  chain  alt 
lakes.  The  past  winter  (1878-79)  it  has  been  exceptionally  nomerons  in  the  Sacrt- 
mento  Valley  and  along  the  coast. 
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Branta  Scopoli. 

£,  canadensis  (L.).    Canada  Goose. 

The  extensive  lakes  of  Western  Nevada,  Eastern  California,  and  Oregon,  afford  siim- 
ner  hannts  for  many  of  the  Canada  ^eese,  or  honkers,  as  they  are  popularly  called, 
^  distinguish  them  from  the  smaller  Untchins'  goose  and  the  *'  speckle  bellies,''  neither 
of  which  birds  remain  in  summer  within  our  boundaries* 

The  nesting  season  of  the  Canada  goose  is  well  nigh  over  ere  others  of  the  feathered 
tribe,  save  perhaps  some  of  the  Raptoresj  are  thinking  of  beginning,  and  the  deposi- 
tion of  the  eggs  takes  place  in  this  region  as  early  as  February.    Their  mode  of  nest- 
ing is  various.     At  Pyramid  Lake  the  islands  are  extremely  rocky,  and  here  the 
seese  build  either  unaer  bushes  along  shore  or  resort  to  spaces  underneath  over- 
hanging cliffs,  or  even  to  hollows  in  the  rocks  that  form  slight  caves.    Another  and 
perhaps  the  most  usual  location  for  the  nest  is  on  the  sandy  spits  of  islands.    The 
wariness  which  characterizes  this  goose,  as  to  a  less  extent  the  other  members 
of  the  family,  undergoes  no  relaxation  at  this  season,  but,  if  anything,  is  increased. 
The  spot  selected  to  receive  the  eggs  must  be  secure  from  all  chauce  of  intrusion — 
hence  their  partiality  for  islands ;  and  as  soon  as  the  young  are  able  to  take  to  the 
water  they  are  guided  to  some  safe  feeding  ground,  usually  in  the  shallow  water 
along  sonie  solitary  shore.    This  care  is  rendered  the  more  necessary,  inasmuch  as  a 
long  period  must  elapse  for  the  young  to  receive  their  full  powers,  and  they  obtain 
nearly  the  size  of  the  old  birds  ere  their  pinions  are  sufficiently  developed  to  raise 
them  from  the  water.    Not  infrequently,  when  riding  along  the  rarely-visited  shores 
of  the  lakes  in  the  remoter  districts,  our  parties  have  come  suddenly  upon  these 
families  of  hal|-grown  goslings,  but  rarely  indeed  ere  the  watchful  parent  had  caught 
the  alarm  and  had  urged  her  convoy  to  a  safe  distance  from  the  shore.     Their  food 
is  now  obtained  wholly  from  the  water,  and  not  until  the  voung  have  passed  quite 
OQt  of  the  gosling  stage  and  have  become  fully  developed  in  every  respect  do  old 
and  young  assemble  into  flocks  or  ^'  gaggles,''  and  their  visits  to  the  stubble  fields 
and  pastures  begin. 

The  birds  that  breed  in  this  region  start  southward  at  a  period  nearly  coincident 
with  or  a  little  before  the  arrival  of  the  full  flocks  from  more  northern  grounds.  Just 
prior  to  setting  out  they  are  in  the  best  condition,  being  fat  and  juicy  from  their  min- 
gled fare  of  grain  and  tender  grass  shoots. 

Anas  Linnaeus. 

A,  boschas  (L.).    Mallard. 

One  of  the  best  known,  as  also  one  of  the  most  highly  esteemed,  of  all  our  ducks,  its 
Extensive  range  and  gr^at  abundance  wherever  found,  entitles  the  mallard  to  a  place 
in  the  front  rank  of  our  valuable  food-birds.  In  the  West,  as  a  table  bird,  it  takes 
precedence,  I  think,  of  all  others,  its  very  general  habit  there  of  feeding  upon  grain 
for  a  part  of  the  year  conducing  to  its  excellence  of  flavor. 

In  the  region  our  report  covers  it  is  very  numerojis,  not  only  during  the  migrations, 
bnt  also  in  summer,  when  large  numbers  remain  to  breed  about  the  various  lakes. 
For  this  purpose  it  resorts  to  precisely  the  same  localities  as  the  red-breasted  teal, 
viz,  the  partially  submerged  marshes ;  although,  in  truth,  but  little  change  of  local- 
ity is  in  case  of  either  of  these  birds  necessary,  since  their  tastes  lead  to  the  choice  of 
similar  places  all  the  year  round.  So  much  alike,  in  fact,  are  their  habits  of  nidifica- 
tion  that  during  a  day's  hunt  I  have  found  many  nests  of  the  mallard  alternating  with 
those  of  the  teal,  and  in  many  instances  the  nests  of  the  two  were  but  a  few  feet 
apart. 

The  mallard  begins  to  lay  during  the  last  days  of  April  and  the  early  part  of  May, 
and  by  the  2:M  of  the  latter  month  I  found  several  nests  in  which  the  eggs  were  far 
advanced,  while  in  one  the  ducklings  had  appeared. 

The  mallards  place  their  nests  much  as  do  the  teals,  but  are,  perhaps,  more  inclined 
to  seek  out  standing  tufts  of  dried  rushes,  doubtless  because  in  them  they  can  more 
readily  conceal  their  bulkier  bodies ;  at  the  base  of  these  they  have  no  difficulty  in 
forming  a  safe  and  commodious  retreat.  At  first,  and  in  the  majority  of  cases,  little 
attention  is  paid  to  the  nest  proper,  and  a  slight  collection  of  dried  crushes  and  ^ass, 
sufficiently  hollowed  to  contain  the  eggs  and  the  body  of  the  bird,  is  all  that  is  re- 
qaired.  The  lining  of  soft  down,  plucked  from  the  breast  and  belly  of  the  devoted 
Mmale,  is  deferred  till  later,  it  rarely  being  found  till  the  complement  is  nearly  com- 
pleted^ and  it  more  frequently  still  being  left  until  the  eggs  have  been  incubated  for 
a  considerable  period.  ^ 

I  have  never  found  more  than  ten  eggs  in  a  nest,  though  I  have  seen  broods  of  eleven 
under  convoy  of  the  parents,  and  perhaps  the  full  dozen  are  sometimes  laid. 

When  disturbed  the  mallard  rises  heavily  from  its  nest,  its  fright  occasionally  com- 
pelling a  volley  of  loud  quacks,  while  at  other  times  it  flies  away  m  perfect  silence.    In 
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oase  of  the  female,  she  may  then  show  her  ooncem  by  flying  in  wide  circles  near  the 
nest ;  and  this  she  is  especially  likely  to  do  when  the  maternal  instinct  has  become 
strong  by  long  brooding.  Bat  should  the  nest  contain  only  a  few  newly-laid  em, 
mach  less  apprehension  is  displayed,  and  then  she  flies  straight  away  to  remain  in  hid- 
ing for  some  hours,  or  until  completely  reassured.  Often,  nnder  the  latter  oircom- 
Btances,  the  nest  is  never  reoccupied,  bat  a  second  begun  after  a  delay  of  twenty -font 
honrs  or  so. 

Soon  after  being  hatched,  the  downy  young  are  led  by  their  parents,  not  into  open 
water,  where  woald  follow  a  well-nnderstooa  danger  from  hawKS  and  other  enemies, 
but  into  the  shallow  inlets,  where  they  can  be  screened  bv  the  heavy  covert  of  reeds ; 
and  they  are  not  allowed  to  ventare  out  of  these  until  able  to  shift  for  themselves.  I 
think  that  for  the  first  few  nights  after  being  hatched  the  tender  young  are  led  back 
and  brooded  in  the  nest.  But  the  interval  during  which  the  young  are  most  exposed 
to  danger  is  in  the  *'  flapper  "  state,  or  when  they  have  attained  considerable  size,  but 
have  not  yet  received  thepower  of  flight,  for  the  rectrices,  as  is  well  known,  are  the 
last  feathers  to  be  developed.  They  now  flap  along  the  surface  of  the  water  in  a  curi- 
ous sort  of  way,  half  flying,  half  swimming,  and  when  cornered  in  shallow  water,  as 
may  often  be  done,  they  fall  easy  prey.  This  is  the  accepted  time  of  feasting  for 
numerous  species  of  hawks,  not  to  mention  such  formidable  four-footed  enemies  as 
coyotes,  foxes,  etc.,  while  most  to  be  feared  of  all  is  its  human  foe  in  the  shape  of  the 
Indian.  Armed  with  clubs,  the  boys  and  squaws  enter  the  shallows,  and  by  beating 
the  reeds  drive  the  young  before  tbem  till  they  are  congregated  in  some  favorable 
spot,  when  they  are  slaughtered  by  the  scores.  I  have  seen  Indians  returning  from 
one  of  these  ducking  expeditions  fairly  loaded  down  with  spoil,  the  young  ducks 
hanging  by  the  necks  in  festoons,  and  almost  hiding  by  their  numbers  the  dusky  bodies 
of  their  slaughterers.  Ducks'  eggs  and  ducklings  form  in  fact  during  summer  no  small 
part  of  the  Indians'  fare. 

Probably  none  of  the  mallards  raised  in  this  region  pass  the  winter  here,  but  migrate 
south,  and  are  replaced  by  more  northern-born  birds,  so  that  about  the  numerous 
warm  springs  and  ponds  of  open  water  the  mallards  are  to  be  found  throughout  cold 
weather,  until  spring  once  more  impels  them  northward. 

Dafila  Leach, 
i).  aaita  (L.).    Pin  Tail. 

Abundant  daring  the  migrations ;  one  breed. 

Chaulelasmus  Gray. 

C.  8treperu8  (L.).    Gad  wall. 
This  fine  duck  breeds  abundantly  throughout  this  region. 

Makeca  Stephens. 

M,  americana  (Qm.).    American  Wjdgeon. 
Breeds  more  or  less  commonly  in  this  region ;  most  abundant  as  a  migrant. 

QuKRQUEDULA  Stephens. 

Q,  caroHnensis  (Gm.).    Green-wing  Teal. 

Scattered  pairs  of  this  teal  breed  over  all  this  region,  and  in  some  localities  it  is 
doubtless  numerous. 

While  crossing  the  desert  north  of  Reno,  early  in  July,  we  found  in  the  solitary  pool 
of  water,  which  with  its  scanty  growth  of  green  rushes  forms  the  ouly  oasis  for  miles 
around,  a  family  of  this  teal  consisting  of  a  female  and  ten  young.  The  pool  being  of 
too  small  extent  to  furnish  shelter  in  such  danger,  the  mother  bird  led  the  baud  to  the 
shore  and  directly  into  the  sage-brush,  into  which  thoy  dived  and  hid  as  though  fully 
alive  to  the  emergency  of  the  case. 

This  teal  is  most  abundant  as  a  spring  and  fall  migrant,  its  proclivities  hence  being 
for  more  northern  summer  grounds. 

Q,  dlsoors  (L.).    Blue- winged  Teal. 

This  species  was  not  seen  at  all  during  the  summer;  nor,  as  a  migrant,  does  it  appear 
to  be  as  numerous  in  this  region  as  either  of  its  congeners. 

Q,  cijanoptera  (V.).    Cinnamon  Teal. 

This  teal  is  one  of  the  few  ducks  whose  range  is  so  far  circumscribed  that  it  may  be 
spoken  of  in  general  terms  as  a  western  species,  the  area  occupied  by  it,  even  dnfiug 
the  migratory  seasons,  not  extending  to  the  east  of  the  Rocky  Mountains,  except  in 
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ezas.    Altboagh  noted  from  Louisiana,  its  occarrence  there  is  presumed  to  be  quite 
scidental.    It  furthermore  appears  as  a  summer  resident  in  almost  every  section  wnere 

is  known  at  all.  It  breeds  about  the  Columbia  River,  at  present  its  northernmost 
>corded  limit.    Southern  Colorado,  on  the  other  hand,  as  determined  by  our  parties, 

included  in  its  summer  range,  as  possibly  also  Arizona  and  Xew  Mexico,  although  of 
le  latter  fact  no  absolute  proof  was  obtained.  In  many  localities  in  the  intermediate 
igions  it  is  one  of  the  most  abundant  of  summer  visitants,  and  in  no  place  more  so, 
3cording  to  my  knowledge,  than  in  Western  Nevada  and  the  contiguous  regions. 

It  makes  its  appearance  on  the  lakes  of  Nevada  early  in  the  spring,  at  a  date  nearly 
)inciding  with  the  general  impetus  northward  to  be  observed  in  the  ducks  and  wa- 
)r  birds  generally.  At  the  time  of  my  first  visit  to  Washoe  Lake,  May  12,  all  of  the 
)al  appeared  to  be  paired,  while  not  a  few  had  so  far  progressed  in  their  housekeep- 
\fl  matters  as  to  already  have  eggs. 

With  all  the  ducks  there  is  noticeable  a  great  variation  in  the  time  of  nesting,  even  at 
le  very  same  locality.  The  cinnamon  teal  forms  no  exception  to  this  rule,  and  from 
tie  above  date  onwards  I  fonnd  nests  in  all  the  varions  stages  of  advancement.  Fresh 
Sgs  were  found  as  late  as  the  1st  of  June,  although  most  of  the  nests  at  this  date 
ontained  either  young  or  eggs  very  far  advanced.  Perhaps  a  certain  proportion  of 
tie  late  breeders  are  to  be  accounted  for  on  the  supposition  of  the  destruction  of  the 
rst  nests,  for  ducks  have  many  enemies  at  this  season ;  and  fresh  duck-eggs  as  well 
8  young  birds  have  an  especial  attraction  for  all  the  smaller  carnivores. 

The  teals'  nests  will  be  found  scattered  over  a  marsh  at  large,  their  chief  care  being 
>  secure  a  dry  spot  out  of  reach  of  the  danger  of  inundation,  which  is  their  principal 
isk,  and  the  cause  at  times  of  the  destruction  of  great  numbers  of  the  eggs.  Some 
lasons  of  high  water  about  Washoe  Lake,  as  I  was  told  by  the  ranchmen,  prove  most 
linous  to  the  first  clutches,  and  the  swollen  inlets  of  the  marsh  have  been  observed 
t  such  times  to  be  fairly  dotted  with  eggs  of  the  various  kinds  of  ducks,  which  had 
een  floated  off  by  the  risine  waters. 

An  ai)pareutly  secure  locality  found,  a  pair  soon  satisfy  themselves  with  some  special 
ittle  nook.  They  never,  I  think,  build  in  the  heavy  beds  of  tule,  but  either  select  an 
iolated  bunch  of  rushes,  or  else  place  the  nest  in  the  midst  of  the  short  waving  marsh- 
rasa,  where  it  is  sufficiently  thick  to  protect  the  setting  bird  from  ordinary  observa- 
ion.  Occasionally,  too,  they  nest  upon  the  dry  land  under  a  bush,  and  more  or  less 
istant  from  water.  But  in  any  event  the  nest  must  be  within  easy  reach  of  a  ^ood 
eeding  ground,  and  is  usually  not*  many  yards,  perhaps  but  few  feet,  distant  from 
ome  pool  or  stream.  Ducks  have  plenty  of  opportunty  for  the  exercise  of  cunning  in 
beir  domestic  arrangements,  and  some  of  the  pairs  display  infinite  address  in  hicung 
beir  nests,  and  the  eyes  of  the  most  observant  collector,  be  he  two  or  four  footed,  wiU 
ften  in  vain  scrutinize  the  very  clump  of  grass  wherein  is  hid  the  mother  bird  nest- 
ing close  down  to  her  treasures,  secure,  till  a  blundering  step  starts  her  from  her 
harge.  If  a  clump  of  rushes  be  selected  as  a  nesting  site,  the  bird  enters  from  the  side 
[irough  a  space  so  small  that,  once  inside,  it  needs  but  a  few  slight  touches  of  the  bill 
»  replace  the  stalks  disturbed  by  her  entrance,  and  restore  everything  to  its  natural 
ppearance.  And  this  the  female  is  knowing  enough  to  do,  as  she  is  also  to  care- 
ally  cover  the  eggs  during  her  temporary  absences.  Like  the  mallard,  and  probably 
lost  if  not  all  other  ducks,  the  cinnamon  teal  is  very  indifferent  as  to  the  state  of  the 
est  at  the  time  the  first  eggs  are  laid,  and  leaves  the  final  touches  till  towards  the 
eriod  when  the  young  are  about  to  appear.  Then,  to  provide  a  soft  bed  for  her  oft- 
pring,  the  female  quite  denudes  the  under  portions  of  her  body  of  its  downy  feather- 
Qg,  and  with  the  material  obtained  in  this  way  warmly  felts  the  nest. 

The  teal  is  a  close  setter,  and  the  female  will  occasionally  prove  so  devoted  to  her 
harge  as  to  permit  herself  to  be  caught  by  band.  If  the  young  be  out,  there  is 
carcely  any  limit  to  the  hardihood  she  will  show  in  her  attempts  to  distract  attention 
rom  them.  She  flutters  along  the  ground  just  beyond  reach  of  the  outstretched  hand, 
nd  resorts  to  every  effort  of  dissimulation  likely  to  induce  pursuit.  I  have  seen  the 
rounded,  broken-winged  bird,  in  particular,  imitated  so  cleverly  by  this  teal,  that  it 
ras  difficult  indeed  to  persuade  myself  that  it  was  a  cheat. 

The  extreme  number  of  eggs  at  a  hatching  is,  I  believe,  twelve ;  and  in  some  thirty 
ests  examined  at  Washoe  Lake  this  number  was  found  only  twice;  nine,  ten,  and 
leven  being  the  more  common  complements. 

In  fair  seasons  the  greater  number  appear  to  be  hatched  outy^n?"!  never  saw  a  small 
•rood ;  and  occasionally  every  e^g  proves  fertile.  That  this  should  be  the  case  seems 
.  little  remarkable,  when  is  considered  the  irregularity  which  marks  the  intervals  of 
U  position. 

When  newly  laid  the  eggs  are  of  a  beautiful,  soft,  creamy  white,  and  the  texture  of 
he  shell  is  delicate  and  a  trifle  rough  under  touch.  Very  soon  after  the  full  comple- 
oent  appears  the  shell  becomes  smooth  and  shining  from  the  constant  contact  and 
ubbing  of  the  bird's  body,  and  the  delicate  texture  is  lost  entirely.  The  color  is  also 
orreepondingly  changed,  and  now  appears  as  a  light  buff,  which  darkens  and  stains 
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as  time  goes  od.  Sach  are  the  osual  masenm  specimens.  Their  exact  shape  is  soud* 
what  indeterminate,  since,  in  the  sets  before  me,  many  approach  the  trne  ellipsoidiJ, 
while  others  are  simply  oval  in  varying  decree ;  some  are  elongated  and  quite  pointed 
at  the  smaller  ends;  others  are  blunt.  It  is  to  be  remarked  that  the  pecnliaritied 
size  and  shape  are  apt  to  obtain  with  but  slight  variations  throughout  the  whole  of  i 
set.  The  two  smallest  eggs  before  me  measure  1.88  X  1.27,  and  1.82  X  1.32;  andfroB 
this  extreme  they  run  up  to  2.10  x  1.37. 

The  cinnamon  teal  is,  in  the  interior,  one  of  the  very  first  of  the  ducks  to  start  in  M 
on  the  southward  migration,  and,  in  the  neighborhood  of  Washoe  Lake,  nearljiD 
have  left  by  the  first  of  September ;  while  those  that  breed  farther  north  are  not  loaf 
in  following.  In  California  it  remains  later,  and  I  understand  from  my  friend,  Mr.  H. 
G.  Parker,  that  more  or  less  winter  in  the  Sacramento  Valley. 

Spatula  Boie. 
S,  clypeata  (Li.),    Shoveller. 

This  duck  is  abundant  in  fall  and  spring  in  nearly  all  portions  of  the  West.  Never- 
theless if  it  remains  to  breed,  it  does  so  apparently  only  in  rare  instances,  except  akng 
our  northern  border,  as  in  Dakota,  where  the  young  were  found  by  Dr.  Cones  in  Angnit. 

It  is  true  that  I  detected  the  species  at  Washoe  Lake  in  June.  Bnt  upon  killui^i 
male  the  cause  of  its  stay  so  far  south  was  revealed  in  the  shape  of  an  old  woond; 
probably,  too,  a  greater  or  less  number  of  barren  birds  are  scattered  over  the  bkec  of 
this  region. 

FuLiGULA  Stephens. 

F,  marila  (L.).    Greater  Blackhead. 
Numerous  only  as  a  migrant  and  winter  visitant. 

F,  affinie  Eyton.    Lesser  Blackhead. 
Occurs  as  the  preceding. 

jP.  oollarU  (Donov.).    Ring-neck  Duck. 

In  noticing  this  species  on  previous  occasions,  especially  in  the  report  for  1^76' 
I  have  given  it  as  breeding  in  Utah,  Nevada,  &,c,  1  was  led  into  what  I  dov  am 
convinced  was  a  mistake  by  tne  incorrect  identification  of  several  yonng  birds.  These 
I  now  ascertain  to  have  been  the  young  of  the  redhead  {F,  americana)^  as  similar  spec- 
imens taken  the  past  season  of  unquestionable  identity  show.  I  take  this  occasioo 
therefore  to  make  the  correction,  and  all  such  references  are  to  be  understood  as  ap- 
plying to  the  redhead,  and  to  it  alone.  We  have  no  proof  at  the  present,  so  far  ail 
am  aware,  that  the  ring-neck  breeds  within  our  limits,  and  it  doubtless  retiiesin 
summer  to  points  far  beyond  our  boundaries.  During  both  spring  and  fall  it  oecar» 
in  greater  or  less  numbers  according  to  locality. 

F,fer%na  americana  (Eyton).    Redhead. 

Better  known,  perhaps,  as  a  bird  of  the  east  coast,,  the  redhead  is  yet  a  well-rep- 
resented species  on  the  west  coast,  and  also  to  a  somewhat  less  extent  of  the  western 
interior.  It  was  found  breeding,  though  not  in  great  numbers,  about  Washoe  and 
other  lakes  in  Western  Nevada  and  the  contiguous  portions  of  California.  This  is,  I 
believe,  a  summer  range  much  farther  south  than  is  usually  understood  to  apply  to 
this  species ;  although  young  birds  taken  at  Rush  Lake,  Southern  Utah,  by  myself, 
afibrds  good  evidence  of  its  summer  residence  at  that  point. 

Its  method  of  nidification  is  in  general  much  like  the  other  species.  One  nest  foood 
by  Mr.  H.  G.  Parker  was  somewhat  siilgularly  placed,  in  that  it  was  built  in  perfectly 
bare,  open  ground.  A  hoof-track  in  the  mud,  which  had  subsequently  been  left  high 
and  dry  by  the  receding  waters,  received  the  nest,  composed  in  this  instance  entirely 
of  feathers  and  down,  there  being,  in  fact,  no  room  in  the  narrow  quarters  for  other 
accumulations.  A  second  was  built  close  to  the  water's  edge  under  protection  oi  a 
little  clump  of  grease- wood  bushes.  The  eggs  numbered  in  these  instances  respectirely 
five  and  seven,  incubation  in  neither  having  begun. 

I  append  the  measurements  of  three  of  the  farst  set,  merely  remarking  that,  eicept 
for  their  more  spherical  form  and  perhaps  rather  larger  size,  tbey  would  be  iodb- 
tinguishable  from  the  mallard's:  2.23  X  1.73,  2.21  X  1.73,  2.17  X  1.70. 

BucEPHALA  Baird. 
B.  clanguJa  (L.).    Common  Golden  Eye. 
An  abundant  migrant. 

B,  albeola  (L.).    Buffle-head  Duck. 
As  preceding  species. 
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PELECANID^— Pelicans. 
Pelecanus  LinDseas.  • 

P,  erifthorynchus  Lath.    White  Pelican. 

The  white  pelican  is  less  known  from  its  occurrence  on  either  coast  than  from  the 
ahnndant  numbers  that  inhabit  the  great  interior  lakes.  From  their  great  extent,  and  in 
many  instances  complete  isolation,. as  well  as  their  containing  an  abundance  of  tish^the 
lakes  of  Nevada,  California,  and  Oregon  are  especially  favored  by  this  bird,  and  on  cer- 
t>ain  of  them,  as  Pyramid,  Eagle,  and  Goose  Lakes,  the  pelicans  are  found  in  summer  in 
immense  numbers. 

So  much  has  been  written  from  time  to  time  upon  the  breeding  habits  of  this  species, 
that  most  persons  interested  in  the  subject  may  be  presumed  to  be  pretty  familiar  with 
them,  and  this  part  of  the  bird's  biography  need  not  be  enlarged  upon  here  to  any 
extent. 

Naturally  the  white  pelican  seems  to  be  rather  stupid,  and,  when  the  privacy  of  a 
breeding  colony  is  encroached  upon  for  the  first  time  by  a  human  being,  the  liveliest 
feeling  his  presence  is  apt  to  excite  is  intense  curiosity,  which  is  occasionally  carried  to^ 
such  an  extent  that  the  birds  appear  as  though  too  completely  overwhelmed  with  as- 
tonishment to  take  any  special  precaution  for  their  own  safety.  Under  such  circum- 
stances they  may  occasionally  be  so  closely  approached  as  to  be  killed  with  clubs.  No 
creature  however  so  dull  as  not  to  profit  by  the  lessons  that  experience  teaches,  and 
the  treatment  the  pelican  usually  receives  at  the  hands  of  man  is  of  such  kind  that  in 
him  they  soon  learn  to  recognize  an  enemy  to  be  feared  and  shunned  on  all  occasions. 
Snch  is  the  case  at  Great  Salt  Lake  where  the  former  great  abundance  of  the  pelican 
is  attested  by  all  the  early  explorers,  but  where  now  the  bird  is  known  only  as  a  cas- 
ual visitant.  Persecution  is  having  a  similar  result  at  Pyramid  Lake,  Nevada,  where 
a  few  years  ago  the  birds  were  so  tame  as  to  permit  themselves  to  be  almost  caught - 
by  hand.  At  present,  though  still  abundant,  they  are  excessively  shy  having  been 
driven  entirely  away  from  certain  of  the  islands  by  treatment  which  must  eventually 
cause  their  complete  disappearance. 

From  its  lar^e  size  and  conspicuous  plumage,  and  the  habit  of  colonization  at 
the  nesting  period,  added  to  the  complete  exposure  of  the  eggs  upon  the  sands,  and 
finally  from  the  fact  that  the  young  when  hatched  are  perfectly  helpless  for  a  period 
of  over  a  month,  the  pelican  is  peculiarly  exposed  to  the  assault  of  its  enemies.  From 
four-footed  foes  it  secures  immunity  by  nesting  upon  islands,  a  precaution  which,  of 
course,  proves  of  no  avail  from  its  human  persecutors. 

At  Pyramid  Lake  a  crusade  has  been  inaugurated  against  the  pelicans  by  the  fish- 
erman, whose  cause  is  justified  in  their  own  eyes  bv  the  voracity  of  the  big  birds,  and 
the  number  of  fish  consumed  by  them.  In  a  single  day,  as  I  was  informed,  over  700 
eggs  belonging  to  one  colony  were  destroyed.  This  complaiut  of  injury  done  the  fish- 
ing interests  is  not,  it  must  be  said,  without  some  foundation.  The  number  of  pounds 
of  fish  consumed  in  a  day  by  the  combined  numbers  of  a  large  colony  of  pelicans, 
especially  when  feeding  young,  must  amount  to  something  fabiuous.  As  a  rule,  how- 
ever, and  from  the  nature  of  the  mode  of  fishing  practiced  by  the  white  pelican,  fish 
of  value,  as  the  trout,  are  but  little  exposed  to  their  attacks;  the  species  they  are 
able  to  obtain  consists  chiefly  of  the  smaller  fry  found  in  shallow  water,  and  of  littl^ 
or  no  table- value  whatever,  their  principal,  if  not  their  only,  importance  being  as  food 
for  better  kinds.  As  this  small  fry  fairly  swarms  in  all  the  western  lakes,  there  is  no 
danger  at  present,  at  least,  that  the  fishing  interests  will  be  injured  in  this  indirect 
manner,  as  indeed  is  plainly  evidenced  at  Pyramid  Lake,  where,  despite  the  number  of 
the  pelicans,  trout  exist  in  enormous  numbers. 

The  method  of  obtaining  their  prey  by  banding  together,  driving  the  fish  before 
them  into  shallow  water  and  then  scooping  them  up  with  open  bill  by  means  of  quick 
rushes,  I  have  often  witnessed  and  is  well  known.  The  large  size  of  the  fish  a  pelican, 
under  emergency,  is  able  to  dispose  of,  is  somewhat  surprising.  I  once  saw  a  bird 
which  had  been  wounded,  and  which  was  apparently  unable  to  clear  the  surface  of 
the  water,  throw  up  a  sucker  which  I  estimated  to  weigh  not  less  than  three  pounds. 
Having  rid  itself  of.  extra  ballast  to  this  extent,  it  flew  away  with  ease. 

The  deposition  of  the  pelicans'  eggs  takes  place  at  a  very  early  date ;  the  colony  at 
Pyramid  Lake,  as  I  learned,  having  laid  many  eggs  by  April  10,  and  this  is  1  think  about 
the  usual  date.  As  might  be  presumed,  all  the  pairs  of  a  colony  do  not  begin  laying 
at  the  same  time  ;  in  fact  there  is  much  irregularity  in  this  respect,  and  as  a  conse- 
quence there  results  a  corresponding  difference  in  the  time  of  appearance  of  the  young. 
This  was  clearlv  shown  in  tne  case  of  a  community  of  from  500  to  1,000  pairs  that 
had  established  themselves  on  a  sandy  island  in  Eagle  Lake  (Cal^),  and  which  I 
visited  July  4.  At  this  date  the  young  were  present  iu  all  stages  of  growth,  from  the 
chick  just  breaking  the  shell  to  the  youngster  fully  grown,  but  still  unable  to  flv.    A 
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rongb  estimate  placed  tbis  DDxnber  at  considerably  over  1.000,  and  a  more  mxa- 
gruous  assemblage  was  never  witnessed.  As  uur  boat  approacbed  tbe  ialaod  the  parait 
birds  began  to  manifest  some  uneasiness,  and  when  we  were  about  two  ganshotsawir 
tbey  rose  en  mmtfse  and  settled  in  the  water  at  convenient  distance  for  watching  osr 
proceedings.  Tbe  younglings  were  considerably  flustered  when  they  found* such  strtBgv 
creatures  among  them,  and  treated  all  our  advances  with  marked  disapprovaL  Fom- 
ing  into  solid  phalanxes  of  all  sizes,  they  shuffled  over  the  sands,  the  ranks  opening  to 
right  and  left  with  all  alacrity  according  as  we  directed  our  steps.  The  appeanoee 
they  cut  as  they  waddled  afbout  on  their  unsteady  legs,  some  of  them  almost  naked 
and  all  ugly  and  uncouth,  was  ludicrous  in  the  extreme.  Even  the  older  onesmadeno 
attempt  at  aggressive  resistance  when  captured,  but  were  content  to  show  their  le- 
pugnance  at  being  handled  by  violent  efforts  to  escape  from  our  hands.  Finally,  in 
response  to  the  coaxing  of  a  few  old  birds  that  ventured  in,  many  took  to  the  water, 
ana,  having  swam  out  three  or  four  hundred  yards,  remained  quietly  eyeing  onr  more- 
men  ts  with  all  unconcern.  Many  gulls  and  several  pairs  of  cormorants  and  great  blae 
herons  shared  the  island  with  the  pelicans,  and  their  young  afforded  living  proofs  of 
the  unruffled  tempers  and  good  dispositions  of  the  big  birds. 

At  this  lake  the  pelicans  presented  a  peculiarly  noteworthy  sight  as  at  intervals  dur- 
ing the  day  they  spread  their  broad  wings  and  flew  in  bands  of  from  five  to  fifty  to  the 
neighborhoo<l  of  some  one  of  the  lofty  peaks  within  a  mile  or  two,  where  they  amused 
themselves  by  sailing  about  for  an  hour  at  a  time  in  the  invigorating  air  and  ineocom- 
passing  the  summits  in  wide  circles.  Their  snowy-white  plumage  reflected  tbe  brigfat 
sunlight,  and  the  huge  birds  appeared  at  their  best  as  they  soared  above  caHon  and  fomt 
at  such  height  that  all  ungainliness  of  form  was  lost  and  we  were  left  to  admire  the 
snowy  puiity  of  their  colors  and  their  fine  powers  of  .flight. 

The  "centre-board,"  so  called, a  horny  excrescence  appearing  on  the  bills  of  the 
adults  about  tbe  mating  period  is,  as  has  been  shown  by  Captain  Bendire,  common  to 
both  sexes.  This  is  shed  as  the  season  progresses,  till,  in  early  July,  when  the  yonngare 
usually  well  advanced,  it  is  rarely  seen,  iHthough  a  few  still  persist  at  this  time.  Of 
its  use  nothing  appears  to  be  known. 

GRACULID.E— Cormorants. 

Gkaculus  LiuDuiue. 

G.  dilophus  (Sw.).    Double- crested  Cormorant. 

The  cormorants  from  this  region  have  usually  been  referred  to  the  variety /ori^NV't 
a  name  bestowed  upon  what  was  supposed  to  be  a  small  southern  race  of  dilophas.  Bat 
my  pair  of  specimens  taken  at  Pyramid  Lake,  Nevada,  in  summer,  are  fully  up  to  the 
requirements  of  size  of  dilophuSf  and  I  therefore  so  consider  them.  It  is  to  be  remarked, 
however,  as  has  been  indicated  by  Mr.  Ridgway,  that  specimens  occur  in  the  region 
under  notice,  and  in  California,  that  are  no  larger  than  many  Florida  bom  birds.  After 
examination  of  the  Smithsonian  material  I  am  of  the  opinion  that  the  alleged  diffid- 
ence of  size  is  of  too  doubtful  applicability  to  warrant  the  recognition  of  this  variety. 

The  double-crested  cormorant  is  more  or  less  numerous  on  many  of  the  lakes  of  this 
region,  its  abundance  at  any  given  locality  being  chiefly  regulated  by  the  presence 
and  character  of  nesting  facilities. 

.  All  the  nests  examined  by  me  were  built  in  depressions  and  cavities  on  rocky  islands, 
although  in  this  same  region  they  build  upon  trees,  as  fully  attested  by  Mr.  Ridgway. 
The  nests  were  composed  chiefly  of  sticks  with  a  substantial  lining  of  weeds.  One 
was  noticed  that  had  an  additional  slight  felting  of  feathers.  No  birds  could  well  be 
less  fastidious  in  regard  to  their  nesting  arrangements  than  thej,  and  the  foal  odor 
about  a  cormorant  rookery  is  almost  unendurable.  Entangled  in  one  nest  that  I  ex- 
amined was  the  mumftjied  head  and  neck  of  a  brother  cormorant  that  apparently  had 
been  gathered  as  available  nest  material. 

Although  the  flight  of  the  cormorant  appears  heavy  and  somewhat  laborious,  it  jet 
progresses  from  feeding  ground  to  feeding  ground  with  tolerable  ease  and  much  swift- 
ness. But  the  bird  appears  at  its  best  in  the  water,  where  it  is  scarcely  less  at  home 
than  the  typical  divers,  and  where  no  little  of  its  existence  is  passed  beneath  the  sur- 
face in  pursuit  of  its  finny  prey.  This  the  cormorant  never  plunges  for,  but,  like  the 
grebes,  divers,  and  other  birds  of  that  class,  the  best  swimmers  of  all,  captures  it  in  full 
chase.  The  bird's  forays  are  usually  made  into  large  schools,  and  apparently  it  has 
very  little  trouble  in  procuring  all  it  requires.  The  cormorant  is  not  aiwayssuccessfol 
in  holding  a  fish  after  it  has  luirly  seized  it,  and  at  Eagle  Lake  there  w^re  to  be  seca 
in  every  school  of  white-fish  {Cove.fjonuH  wiUiainsotii)  a  considerable  number  that  bore 
across  their  bodies  the  marks  of  the  powerful  mandibles.  I  found  quite  a  number  of 
sizable  fish  that  had  escaped  from  the  birds'  bills,  only  to  die  a  lingering  death  froa 
the  efl'ects  of  compression. 
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LARID^— Gulls,  Terns. 

Larus  Linncens.  * 

/.  cali/ornieus  Lawr.     California  Gall. 

The  present  species  is  to  be  distingnlalied  from  the  L,  dclawarensis^  which  it  some- 
rhat  closely  resembles,  by  the  folio  wing  characters : 

L.  ca/i/orn iViM,  adult — size  larj^er;  bill  stouter;  (wing,  15,43;  tail,  6.24 ;  bill,  1.82; 
epth  above  notch,  .60 ;  tarsus,  2.23).* 

Mantle  dark  pearl  blue,  much  darker  than  in  the  succeeding.  Color  of  bill  (in  fresh 
pecimens,  sometimes  retained  in  skins)  bright  yellow,  with  an  irregularly  shaped  spot  of 
itense  carmine  near  tip  of  lower  mandible ;  a  spot  or  bar  of  black  anterior  to  this  on 
oth  mandibles.    Iris  hazel  or  brown ;  tarsi  and  feet  pale  green. 

L,  delawarensi^^  ttAwM — size  smaller;  bill  less  robust;  (wing,  14  49;  tail,  6.06;  bill, 
.45;  depth  above  nostril,  .51 ;  tarsus,  2.07 ).t 

Mantle  pearl  blue,  always  lighter  than  in  preceding  Bill  greenish  yellow,  encircled 
ear  tip  by  a  broad  black  band.    Iris  light  yellow ;  tarsi  and  feet  na{)les  yellow. 

The  amount  of  black  on  the  bill  of  californicus  is  variable.  Usually  it  takes  the  form 
f  spots  or  bars,  as  given  above,  but  such  is  by  no  means  always  the  case.  Not  rarely, 
9  in  several  adult  specimens  before  me,  it  appears  in  the  form  of  a  complete  circle  as 
1  delawarensis.  In  such  cases,  however,  the  ring  is  much  narrower  than  in  that  bird, 
fore  rarely  the  black  is  almost  or  quite  obsolete.  Similarly,  or  even  more  variable,  is 
be  amount  of  white  at  tip  of  first  primary.  In  a  majority,  perhaps,  of  specimens  tnis 
i  found  as  a  terminal  patch  of  about  two  inches  in  extent.  Some  individuals,  how- 
ver,  apparently  perfectly  adult,  have  the  tip  and  shaft  black  for  three-fourths  of  an 
Qcb,  the  white  being  restricted  to  a  spot  on  either  web  above  the  black  area,  almost 
irecisely  as  in  delawarensis.  Others,  again,  may  have  the  extreme  tip  white,  above 
rhich  is  a  band  of  black  including  both  webs  and  the  shaft,  and  giving  way,  higher 
ip,  to  a  second  white  area  which  may  or  may  not  include  the  shaft ;  sometimes,  in- 
ieed,  the  shaft  is  black  above  and  white  below.  Hence  the  spotting  of  the  primaries 
nd  the  black  markings  of  the  bill,  points  upon  which  considerable  stress  has  been 
aid  by  some  authors,  are  too  inconstant  to  prove  reliable  guides  in  diagnosis,  although 
iot  entirely  without  value. 

In  fall  the  adults  of  either  species  have  the  white  of  head  more  or  less  spotted  or 
treaked  with  dusky.  The  carmine  spot  oi^the  bill  of  californicus  fades  away,  as  also 
he  crimson  of  eyelids  and  at  angle  of  mouth,  which  is  common  to  both  species.  The 
ififerences  in  size,  especially  of  bills,  and  the  color  of  the  mantles  may  now  be  relied 
pon  to  separate  them.  To  distinguish  young  birds,  which  always  exhibit  so  much 
Qdividual  variation,  becomes  much  more  difficult,  and  I  have  found  the  size  of  bill  to 
»e  ihb  best  and  most  constant  feature. 

The  Californian  guU  is  found  as  a  very  abundant  summer  resident  throughout  the 
ntire  chain  of  lakes,  and  is,  so  far  as  I  can  learn,  the  only  representative  of  the  family 
iresent  here  at  this  season.  Upon  stretches  of  sand.  Jutting  out  from  the  little  islands 
Q  mid-lake,  or  occasionally  among  the  rocks  along  shore,  this  gull  constructs  its  nest, 
nd  deposits  from  two  to  four  eggs  about  the  middle  of  May.  The  nest  is  a  somewhat 
ude  and  bulky  structure,  particularly  if  it  chances  to  be  placed  in  rocky  interstices, 
.nd  is  composed  of  weeds,  sticks,  and  similar  coarse  material  gathered  from  the  shores, 
.nd  lihed  more  or  less  substantially  with  finer  gleanings. 

The  colonies,  are,  as  a  rule,  very  large,  one  that  I  visited  on  Pyramid  Lake  contain- 
Dg  several  hundred  pairs,  and  the  nests  occupy  every  available  spot  on  the  sands. 
Jnfortunately  for  the  gulls,  the  eggs  are  rich  and  sufficiently  well  flavored  to  be  a 
welcome  addition  to  the  meager  fare  of  the  settler,  and  hence,  when  accessible,  are 
agerly.songht  for.  The  colony  alluded  to  above  had  been  visited  every  few  days  for 
k  period  of  more  than  three  weeks,  and  every  nest  rifled.  But  so  tenaciously  do  the 
ards  cling  to  a  spot  that  has  once  been  chosen  as  a  nesting  ground  that  many  still 
continued  to  deposit  eggs,  sometimes  in  newly-constructed  nests,  but  often  in  the 
dundered  ones.  Many  x>f  the  females  had  laid  so  often  that  the  coloring  pigment  had 
»eeu  exhausted,  and,  as  a  consequence,  a  considerable  portion  of  the  later  eg^s  were 
kimost  unspotted.  The  eggs  of  this  gull  are  so  nearly  like  those  of  the  ring-bill  as  to 
»e  practically  indistingnisnable,  although  they  average  a  trifle  larger.  In  the  exact 
tyle  and  amount  of  markings  they  vary  interminably. 

L,  delawaretiMs  (Ord.).    Ring- bill  Gull. 

Given  by  Captain  Bendire  as  a  '*  common  summer  resident"  of  Malheur  Lake,  Greg, 
t  is  possible  that  a  mistake  has  been  made  here,  and  that  the  statement  really  applies 
tnly  to  the  L,  californicus.  If  correct  it  furnishes  us  with  the  only  instance  of  the  bird 
breeding  within  the  United  States.    Upon  all  the  other  lakes  in  California  and  Nevada 

*  Averaj^e  of  four  specimens.  t  Average  of  eight  specimens. 
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that  I  have  visited  the  ring-bill  appears  to  be  only  a  fall  and  winter  resident,  mdas 
such  is  imoierous. 

Sterna  Linnaeus. 

S.  farsieri  (Nu tt. ).    Forster's  Tern. 

Dr.  Coues  appears  to  have  received  an  entirely  erroneous  impression  in  regard  to  the 
breeding  range  of  this  species,  and  assigns  the  interior  of  British  America  as  itoNun- 
mer  home,  implying  in  his  article  in  Birds  of  the  Northwest  its  entire  absence  from 
the  United  States  at  this  se%son,  although  he  intimates  a  possibility  of  its  being  yet 
found  to  nest  on  or  along  the  northern  tier  of  States.    The  truth  is  this  tern  is  an  ex- 
tremely abundant  summer  resident  of  Washoe  and  other  similar  lakes  of  Nevada  ud 
California  east  of  the  mountains  upon  which  are  found  any  considerable  extent  of  tnk 
or  other  marsh.    It  also  occurs  abundantly  in  summer  in  the  great  fresh- water  manbtt 
in  the  vicinity  of  Chicago,  and  also  in  Wisconsin.    Upon  the  eastern  coast  its  sajDner 
range  is  somewhat  erratic,  as  it  appears  to  be  wanting  along  the  New  England  coaifi, 
but  is  found  at  this  season,  in  great  numbers,  on  certain  of  Uie  islands  off  the  shore  of 
Virginia  and  to  the  southward.    Its  absence  farther  north  is,  perhaps,  to  be  aceoonted 
for  from  the  lack  of  suitable  localities,  since  the  Forster's  is  as  much  of  a  marsh-lornii; 
species  as  the  black  tern,  in  contradistinction  to  the  Wilson's,  arctic,  and  others,  which 
habituallv  frequent  the  open  water,  or,  at  least,  avoid  more  the  sedgy  marshea 

Upon  the  western  lakes  the  Forster's  and  black  terns  mingle  fraternally  together 
as  they  conduct  their  search  for  food  over  the  broad  expanse  of  oozy  marsh  or  along 
the  shallow,  reedy  shores.  Moreover,  the  Forster's  tern,  instead  of  building  on  die 
open  sands,  has  recourse  to  the  marshes,  thus  still  further  following  the  habit  of  die 
black  tern. 

The  single  nest  found  by  me  consisted  of  a  few  bits  of  d^btis,  and  was  placed  on  a 
muddy  bank  by  the  side  of  a  ditch  of  running  water. 

Hydrocubudon  Boie. 

H,  ftssipes  ( L. ) .    Black  I'fem . 

This  species,  which  is  a  well-known  inhabitant  of  our  lakes  both  east  and  west  of  the 
Mississippi,  makes  its  appearance  in  Nevada  early  in  May,  and  by  the  10th  of  the 
month  is  very  generally  dispersed. 

A  bird  of  the  sloughs  and  reedy  marshes,  wherever  found,  its  habits  differ  in  bat 
few  and  unimportant  particulars.  The  character  and  extent  of  its  nest  vary  some- 
what with  the  locality  it  inhabits.  Thus  Dr.  Coues  tells  us  that  it  builds  no  nest  of 
its  own,  but  finds  the  matted  debris  of  weeds  a  sufficient  protection  for  its  «gg^  ▼^ 
Mr.  Nelson's  experience  near  Chicago  was  in  effect  that  it  invariably  builds  a  sab- 
stantial  nest  of  its  own,  whatever  the  foundation  may  be.  In  one  particular  thecoft- 
tom  of  the  species,  wherever  found,  seems  to  be  verj  uniform,  namely,  for  all  the 
pairs  in  a  given  locality  to  Adopt  the  same  plan,  which  is  naturally  determined  by  sor- 
ronnding  circumstances.  In  Nevada  the  method  of  nidification  appears  to  be  varioos, 
the  nest-8  in  some  neighborhoods  being  placed  among  the  waving  grass  in  a  tolenbly 
dry  situation ;  in  others,  on  firm  tussocks ;  in  others  still,  on  beds  of  matted  tales.  In 
any  event  the  formation  of  a  certain  amount  of  material  of  the  bird's  own  gathering 
into  some  sort  of  a  nest  seems  in  this  region  to  be  the  rule.  I  may  note  here  some 
curious  nesting  sites  selected  by  a  large  colony  of  these  terns,  which  had  establisbed 
themselves  in  a  slough  that  contained  enough  open  water  to  form  the  home  of 
numerous  grebes  (P.  auritus  calif ornicua).  The  nests  of  the  grebes,  from  which  the 
young  had  departed  not  long  before,  had  been  utilized  by  the  terns,  and  hasty  gather- 
ings of  bits  of  dried  rushes  and  the  like  had  been  placed  upon  the  half-decayed 
and  wholly  filthy  masses  to  receive  their  eggs.  The  utter  lack  of  f astidioosne^  o^ 
the  terDs  was  further  exemplified  in  the  fact  that  in  nearly  every  case  their  own 
eggs  lay  in  close  proximity  to  the  rotten  and  abandoned  eggs  of  the  first  occapants. 
In  fact,  in  one  or  two  instances  the  terns  must  have  found  it  difficalt  to  incobtte 
their  own  eggs  without  partially  covering  one  or  more  of  these.  At  this  date  (Jolv 
24)  some  of  the  eggs  were  in  the  advanced  stages  of  incubation^  while  others  hid 
been  hatched.  The  most  vociferous  of  the  family  under  every-day  circumstances,  sse^ 
an  occasion  as  the  present  is  sure  to  call  out  all  the  bird's  powers  of  noisy  vitupen* 
tlon.  The  cries  of  the  parents  as  they  flew  close  down  to  the  nescs  had  the  detiR^ 
effect  of  causing  the  young  to  hastily  abandon  the  nests  and  seek  shelter  in  the 
grass.  One  old  bird  that  was  sitting  on  an  egg  from  which  the  bill  of  the  imprisooed 
chick  was  just  escaping  refused  to  leave  her  charge  at  this  critical  juncture,!^ 
actually  permitted  me  to  approach  in  plain  sight  and  take  her  in  my  hand. 

Fish  forms  an  unimportant  item  in  the  bill  of  fare  of  this  species,  as,  nnlike  othm 
of  the  family,  it  feeds  in  great  part  upon  insects,  which  it  takes  in  varioos  w«,f9, 
mostly  as  they  fiy  from  the  grasses. 

The  species  is  present  in  Nevada  during  the  latter  part  of  August  in  somevhst 
diminished  numbers,  ^ut  Vu  ^^t^^mXwx  a\\\<sv?^  tw  the  south. 
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Description  of  nestling. — Head  above  smoky  brown,  tbe  same  color  prevailhie 
"Ibelow,  bat  becoming  darker  across  the  jugalnm  aud  lighter  on  abdomen;  sides  of  head 
■au^d  loral  region  white;  back  and  sides  of  body  pale  cinnamon  brown,  interspersed 
^with  irregular  patches  of  black ;  bill  black ;  feet  brownish. 

COLYMBID^— Divers. 

CoLTMBUS  Linnsens. 

C  tarquatus  (Brdun.).    Great  Northern  Diver. 

From  information  received  from  varions  sources  I  had  been  led  to  consider  this  diver 
as  of  rather  uncommon  occurrence  in  the  waters  of  this  region.  During  the  past  season, 
however,  it  was  met  with  several  times  on  Eagle  Lake,  Cal.,  where  a  number  of 
pairs  breed  regularly,  and  the  same  is  true,  I  think,  of  Goose  Lake,  where,  at  any  rate, 
tbe  species  was  observed  by  our  party  during  the  late  summer. 

PODICIPID.E— Grebes. 
PODiCEPS  Latham. 

P.  occidentalie  (Lawr.).    Western  Grebe. 

None  the  less  striking  because  familiar  is  the  appearance  of  this  large  grebe  as  seen 
upon  the  extensive  lakes  of  Nevada,  and  the  country  generally  west  of  the  Rocky 
Mountains.  At  what  time  in  the  spring  it  makes  its  appearance  in  these  latitudes  I  do 
not  know.  On  the  occasion  of  my  first  visit  to  Washoe  Lake  about  the  middle  of  May 
the  water  was  dotted  with  water  birds,  and  conspicuous  among  them,  as  well  by  its 
elegance  of  form  as  by  its  graceful  motions,  was  this  ffrebe.  Subsequently,  when  in 
turn  I  visited  the  several  lakes  lying  to  the  northward,  I  found  it  an  abundant  inhab- 
itant of  them  all.  Indeed,  with  the  exception  of  Lake  Tahoe,  I  know  of  no  large  body 
of  water  in  the  far  West  that  is  exempt  from  its  presence.  The  high  elevation  oi  Tahoe, 
over  6,000  feet,  probably  accounts  for  the  absence  of  the  bird,  as  in  all  the  other  mount- 
ain lakes  of  less  elevation  I  have  always  found  it  present  in  abundance. 

There  is  a  pretty  close  correspondence  in  the  character  of  the  food,  the  manner  of 
obtaining  it,  and  in  the  habits  of  nidiiication  of  the  various  speciesof  this  family,  and 
my  observations  have  not  shown  that  the  western  .grebe  possesses  any  verv  marked 
individuality  in  these  respects,  unless  such  as  arises  from  its  great  size  anil  superior 
prowess  in  manner  of  obtaining  food.  The  largest  of  our  species,  the  present  bird  ex- 
cels all  the  others  in  natatorial  powers,  and  in  its  ability  to  remain  a  long  time  sub- 
merged, in  which  particular  it  almost  rivals  the  loon.  It  is  probable,  therefore,  that 
this  grebe  is  able  to  avail  itself  of  its  remarkable  powers  in  the  capture  of  fish,  and 
it  hence  lives  more  upon  them  than  do  the  other  smaller  and  less  powerful  species. 
But  fish  do  not,  I  think,  form  by  any  means  its  principal  diet.  The  larvae  of  all  aquatic 
insects,  various  worms  and  leeches,  as  also  some  kinas  of  aquatic  plants,  make  up  its 
chief  dependence. 

The  western  grebe  is  a  wonderfully  quick  diver,  as  I  have  had  occasion  tolearn  when 
after  specimens,  and  I  have  found  it  almost  impossible  to  kill  the  old  and  wary  birds 
even  at  very  short  range,  provided  the  bird  was  not  taken  unawares  and  could  see  the 
flash  of  the  gun.  However  true  the  aim,  and  whatever  the  precaution  as  to  the  place 
aimed  at,  the  leaden  pellets  when  they  reached  the  spot  found  only  empty  space,  where 
a  moment  before  was  to  be  seen  the  long,  snaky  neck  of  the  cunning  diver. 

It  is  about  the  1st  of  June  when  the  various  species  of  grebes  begin  to  think  of 
their  domestic  duties,  and  if  they  be  watched  now  they  will  be  found  to  have  gath- 
ered together  into  loose  companies,  which  are  to  colonize  together  later  on,  and  to 
spend  much  of  their  time  in  swimming  back  and  forth  in  a  rather  excited  manner 
just  off  one  of  the  many  clumps  of  tales  that  grow  around  the  margins  of  most 
of  the  western  lake^  The  shallow  depths  about  such  form,  it  is  true,  favorite  hunt- 
ing grounds  at  all  seasons,  but  around  the  comparatively  few  spots  that  possess  the 
Decessary  qualifications  for  nesting  purposes  the  concentration  of  the  birds  will  be 
more  marked  as  well  as  more  persistent.  The  thicker  tangled  recesses  among  the  tules 
are  shunned,  and  only  those  spots  among  the  season's  fresh  growth  selected,  where  the 
'tall  reeds,  while  alFordin^  ample  protection  as  well  from  the  waves  of  the  open  lake 
as  from  chance  observation,  will  vet  admit  of  unimpeded  proj^ess  in  swimming  to 
and  from  the  nest.  Such  a  place  found  numerous  pairs  center  in  and  form  a  sort  of 
independent  colony,  and  the  preparations  for  the  nest  are  leisurely  gone  on  with.  A 
few  of  the  surrounding  tule-stems  are  perhaps  brokeu  off  or  bent  down,  and  other 
reedy  material  gathered  and  laid  in  a  pile,  the  structure  being  ready  for  occupation 
when  a  slightly  hollowed  and  homogeneous  mass  of  this  is  raised  so  as  to  fully  clear 
the  surface  of  the  water. 
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None  of  the  many  nests  I  have  ezamined,  either  of  this  or  the  other  species,  hftn 
been  moored  as  described  by  some  authors.  They  have  nsiially  been  p^ectly  tree, 
except  in  so  far  as  the  reeds  constituting  a  hedge  about  them  offer  a  complete  cbe^k 
to  the  chance  of  their  floating  off.  Occasionally,  it  is  true,  a  few  of  the  sorroandiDs 
stems  have  been  bent  down  and  made  to  enter  into  the  composition  of  the  nest.  Bat 
this  is  rather  rare,  and  is  apparently  to  be  looked  upon  as  an  entirely  accidental  cir- 
cumstance, so  far  as  any  intention  of  anchoring  the  structure  is  concerned. 

A  less  promising  place  to  deposit  eggs  than  the  structure  described  can  scarcely  be 
imagined.  The  material,  which  is  mostly  gathered  from  the  water,  is  muddy  tod 
soggy,  and  how  it  is  possible  to  hatch  eggs  on  such  surroundings  is/t  mystery  to  til 
but  the  grebes.  The  problem  appears  to  be  easy  enough  of  solution  to  them,  andsolrc 
it  they  ao  in  a  most  satisfactory  manner.  I  have  never  been  successful  in  my  efToite 
to  catch  sight  of  a  grebe  on  its  nest,  and  partly  on  this  account,  partly  from  the  pecu- 
liar character  of  the  nest  itself,  have  been  led  to  surmise  that  much  of  the  labor  of 
incubation  is  shirked  by  the  birds  of  this  family  and  is  delegated  to  the  warmth  of 
the  sun's  rays,  aided,  perhaps,  by  the  heat  which  arises  from  the  decomposiDg  oest 
material.  Like  other  species,  as  the  eared  grebe,  the  present  bird  covers  up  the  eggs 
in  its  absence,  althougn  occasionally  I  have  found  them  exposed  to  view.  I  htre 
never  found  more  than  four  eggs  to  a  nest  of  this  species,  but  presume  that  this  nain- 
her  does  not  represent  the  full  complement. 

The  young  begin  to  appear  about  the  first  of  July,  but  many  pairs  at  this  dite  will 
be  found  to  still  be  incubating.  The  chicks  appear  to  leave  the  nest  almost  as  Kxm  u 
hatched,  and  their  history  at  this  early  stage  is  full  of  interest.  One  need  only  posh 
his  boat  through  the  tules  at  this  season  to  find  himself  rewarded  by  the  sight  of  some 
domestic  scenes  that  will  well  repay  his  trouble,  and  will  perhaps  give  him  a  bigber 
idea  of  these  birds  of  **  low  instinct  '^  than  is  usually  accorded  them.  The  reedy  re- 
cesses are  full  now  of  quaint  noises,  not  heard  at  other  seasons.  The  faint  qoackiDgs 
of  the  young  ducklings  convoyed  by  their  watchful  parents,  the  harsh  notes  of  the 
coots  calling  to  their  numerous  progeny,  the  piping  of  rails,  and  the  querulous  spatter- 
ing notes  of  the  ever  busy  marsh  wrens,  are  blended  into  a  common  melody,  that  now 
swells  into  full  chorus,  now  dies  away  into  confused  murmurs  under  the  fitful  midsois- 
mer's  breezes.  But  notes,  too,  other  than  the  above  are  to  be  made  out  in  the  confused 
gabble,  viz :  the  high  piping  call  of  the  grebes,  and,  if  he  manages  adroitly,  the  obser- 
ver will  find  himself  directly  in  the  midst  of  a  family  ^oup  or  groups  containing  all 
the  birds  just  mentioned.  His  appearance  will  be  the  signal  for  a  hasty  scattering  of 
the  startled  community,  but,  whatever  of  the  scene  he  may  fail  to  take  in,  let  him  not 
overlook  our  grebe  Just  now.  At  the  first  sign  of  danger  the  pair  of  old  birds  bsTo 
warned  the  young,  that  respond  with  feeble  pipings,  and  at  the  call  placing  themsehes 
on  the  broad  flat  backs  of  their  parents,  who  have  ranged  up  alongside  for  the  purpose- 
they  are  transported  to  a  place  of  safety.  No  more  beautiful  and  touching  siffht  can  be 
imagined  than  that  presented  by  the  downy  little  creatures  as  they  huddle  close  np  to 
the  old  one^s  neck,  and  give  themselves  trustfully  up  to  its  protection.  Both  parents 
share  equally  in  the  care  of  the  young,  part  of  the  orood  accompanying  one,  part  the 
other.  In  this  manner,  they  are  carried  about  from  feeding  ground  to  feeding  ground, 
or  removed  when  danger  threatens.  Even  at  this  very  early  age  the  chicks,  under 
emergency,  are  wondenuUy  adept  at  diving  and  swimming,  and  to  catch  one  uninjoied 
is  a  matter  of  no  little  difficulty. 

A  brief  description  of  the  young  in  the  downy  stage,  hitherto  nndescribed,  is  sab- 
joined.  First  stage :  Body  above,  dark  sooty  brown,  Tightest  along  sides.  Head  and 
hind  neck  light  ashy  plumbeous,  in  contrast  to  the  under  parts,  which  are  pure  white. 
Bill  black,  extreme  tip  light  yellow. 

When  about  half-grown,  and  while  still  in  the  down,  the  young  differ  considerably 
from  the  above  in  color.  The  head  above  is  then  of  a  blackish  brown,  and  the  dovn 
on  hind  neck  shows  the  same  color  at  base.  It  would  appear  that  the  growth  of  down 
is  continuous  for  a  considerable  period,  the  ends  being  constantly  worn  away  by  attri- 
tion, and  that  its  color  just  prior  to  the  replacement  by  the  true  feathering  corresponds 
with  that  of  the  latter.  • 

P.  auritus  califomicus  (Heerm.).    Eared  Grebe. 

This  diminutive  species  appears  to  reach  its  maximum  of  abundance  only  as  weip' 
proach  the  west  cpast.  In  Nevada,  Oregon,  and  California,  it  is  by  far  the  most  nomerj 
ously  represented  of  the  family,  and  may  be  found  at  th^  right  season  on  any  aod  al* 
the  lakes  and  ponds  of  this  region,  where  exist  the  proper  nesting  facilities.  Tboofk 
ap}>arently  absent  in  summer  over  much  of  the  interior  region  proper,  throagb  a& 
which,  however,  it  migrates,  it  has  been  ascertained  by  Dr.  Cones  to  breea  abandaatlf 
along  our  northern  frontier,  as  in  Dakota,  while  on  the  other  hand  a  sixable  coloo; 
was  found  breeding  in  Southern  .Colorado,  by  myself.  This  may  prove  to  be  an  extxen* 
point  in  its  summer  range,  but  I  think  not,  and  that  there  is  at  least  a  probability  of 
its  occurrence  still  farther  south,  iu  Arizona. 

Jduch  of  the  account  of  the  breeding  habits  of  the  previous  species  will  apply  eqoaQj 
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well  to  the  present  bird.  The  nests  are  the  same  characteristic  stnictnres,  the  only 
difference  being  one  of  size,  and  the  eggs  are  deposited  abont  the  same  time.  The 
habit,  mentioned  elsewhere,  of  covering  the  eggs  with  a  perfect  screen  of  weeds  seems 
to  be  everywhere  a  constant  one  with  the  eared  grebe,  and  I  have  never  foand  a  nest 
in  which  the  eggs  conld  be  seen  without  first  uncovering  them. 

Both  parents  share  in  the  care  of  the  yonng  after  birth,  and,  as  in  the  case  of  the 
larger  species,  the  yonng  are  carried  abont  on  their  backs.  The  families  are  difficult 
to  find  at  this  season,  as  they  rarely  visit  the  open  water,  but  keep  sedulously  within 
shelter  of  the  tules,  whence  their  shrill  calls  may  be  heard  coming  from  all  directions, 
ani  yet  not  a  bjrd,  young  or  old,  be  seen,  unless  extreme  care  l«  taken  in  approach- 
inethem. 

The  following  is  a  description  of  the  young : 

Fir9t  Btage, — Head  above  black ;  a  faint  yelfowish  white  line  begins  at  base  of  bill, 
divides  on  forehead,  and  passes  over  either  eye  to  hind  neck ;  the  latter  is  also  streaked 
with  white.  Body  above  blackish  brown ;  each  down  shaft  tipped  with  ash ;  sidea 
washed  with  plumbeous.    Under  parts  rosy  white. 

As  will  be  noticed,  the  young  of  this  species  differs  sufficiently  from  the  similar  stage 
in  any  of  the  others  as  to  be  readily  identifiable. 

PODILYMBUS  Less. 

P.  podiceps  (L.).    Pied-bill  Grebe. 

Although  not  nearly  so  abundant  as  the  eared  grebe,  the  '*  dabchick ''  is  yet  abund- 
antly represented  on  the  waters  of  this  region  in  summer,  and  doubtless  also  to  a  g^reater 
or  less  extent  as  a  resident  species.  The  Pied-bill  nests  in  the  same  localities  as  the 
eared  grebe,  and  in  the  general  particulars  of  habits  the  two  agree  closely. 

The  young  of  the  present  bird  have  very  decided  markings  about  the  head,  broad 
white  and  dark  lines  oeing  contrasted  alternately.  *  On  the  back  of  the  head  are  sev- 
eral irregular  patches  of  bright  rufous. 
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ZNNUAL  REPORT  OF  C APTAIIs'  JAMES  F.  GREGORY,  CORPS 
OF  ENGINEERS,  FOR  THE  FISCx^L  YEAR  ENDING  JUNE  30, 
1879. 

xplpeatlons  and  surveys  military  division  of  the  missouri. 

Headquarters  Military  Division  of  the  Missouri, 

Office  Chief  Engineer, 
Chicago,  III,  July  10,  1879. 

General:  I  have  the  honor  to  submit  the  following  report  upon 
tie  operations  conducted  under  mj-  charge  for  the  portion  of  the  last 
seal  year  beginning  December  28, 1878,  and  ending  June  30,  1879. 
Jpon  the  former  date  I  rei>orted  to  the  Lieutenant-General  commanding 
his  division,  in  compliance  with  paragraph  7,  Special  Orders  No.  256, 
lated  Headquarters  of  the  Army,  Adjutant-General's  Office,  Washing- 
on,  November  26,  1878,  and  was  on  same  date  by  him  assigned  to 
luty  as' chief  engineer  of  the  division.  I  found  upon  arrival  here  that 
^ieut.  Col.  George  A.  Forsyth,  aid-de-camp,  had  charge  of  the  records 
nd  was  responsible  for  the  property  pertaining  to  the  chief  engineer's 
fflce,  and  duly  relieved  him  of  them.  He  had,  however,  no  public 
mds  for  disbursement  and  I  have  had  none  since  my  assignment  here, 
he  sum  of  $50  was,  by  direction  of  the  Chief  of  Engineers,  allotted  from 
[>propriation  for  surveys  for  military  defenses,  for  the  purchase  of  a 
Hall  amount  of  materials  for  office  use,  and  this  is  all  that  has  been 
Kpended. 

On  January  4,  last,  occurred  the  fire  which  partly  destroyed  the  Honors  * 
►uilding,  in  which  these  headquarters  are  located.  Although  my  officJe 
>om8  were  not  burned  out,  they  were  deluged  with  water — the  floors  of 
lie  story  above  being  burned  out,  and  the  ceiliugs  and  windows  of  my 
ooms  broken  through.  The  contents  of  the  building  which  were  saved 
Pom  the  fire  were  removed  next  day,  and  in  the  confusion  incident  to 
uch  a  hurried  removal  a  considerable  amount  of  property  was  lost  and 
lore  damage  done  to  papers  and  maps  than  was  caused  by  the  water, 
lie  fortnight  succeeding  the  fire  was  spent  in  rearranging  the  records 
aved,  and  restoring  them,  as  far  as  possible,  to  order  and  good  condi- 
ion.  On  March  27,  the  building  having  been  restored  to  a  state  suita- 
le  for  occui)ation,  our  offices  were  retuined  to  it. 

On  January  8, 1  enlisted  Frederick  A.  Petersen  in  the  general  ser\ice, 
8  topograpbical  assistant,  under  the  provisions  of  paragraph  1,  Gen- 
ral  Orders  No.  62,  Headquarters  of  the  Army,  Adjutant-General's  Office, 
Vashingtou,  July  3, 1877.  Under  same  order.  Private  George  Henckel, 
rinth  Infantry,  was  transferred  to  the  general  service  by  paragraph  1, 
pecial  Orders  No.  21,  dated  Headquarters  Military  Division  ot  the  Mis- 
ouri,  Chicago,  March  5,  1879,  and  ordered  to  report  to  me  for  duty, 
'^hich  he  did  March  11,  last.  These  assistants  have  been  constantly  at 
^ork  in  the  office  since  the  dates  mentioned,  and  have  rendered  excellent 
ervice. 

The  current  work  of  the  office  has  been  in  furnishing  information  from 
Bcortls;    making  tracings  of  and  reducing  map^  tox  \xs>^  ^\j  ^^lX^^^ss^ 
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headquarters,  and  for  file  and  forwartling ;  correcting,  mounting  and 
issuing  maps  for  use  of  officers  on  duty  at  these  headquarters  and  else- 
where in  the  division. 

During  three  months  past  Topographical  Assistant  Henckfel  has  been 
engaged,  in  the  time  allowed  from  current  office  duties,  in  compiling  in- 
formation for  and  platting  it  upon  "  Sheet  Xo.  4,  Western  Temtories.'' 
This  sheet  is  upon  the  same  scale  as  the  other  sheets  of  the  series, 
•sinrk^ 00 J  a^i^l  embraces  the  territory  included  by  the  28^  30'  and  39^  30' 
parallels  and  the  103^  and  113o  meridians.  This  sheet  nas  progressed 
but  slowly,  because  of  the  constant  demands  upon  the  draughtsman's 
time  by  current  work.  It  will  be  continued,  but  it  is  impossible  to  say, 
under  the  circumstances,  when  it  will  be  completed.  The  amount  of 
labor  and  time  required  for  making  tracings  and  copies  of  maps,  &c, 
which  pass  through  this  office,  is  very  great. 

Since  I  have  been  on  duty  here  I  have,  by  Lieutenant-General  Sheri- 
dan's orders,  accompanied  him  on  several  tours  of  inspection;  the  posts 
so  visited  including  Fort  Robinson  and  Camp  Sheridan,  iTebr. ;  the  posts 
on  the  Missouri  River,  between  Bismarck  and  Yankton,  Dak.;  and 
Forts  Lewis  and  Marcy,  Colorado  and  New  Mexico. 

I  append  a  tabular  statement  showing  the  number  of  mapsreceived, 
completed  by  hand  and  issued  during  the  past  six  months;  also,  a  list 
showing  the  number  and  giving  desciiption  of  tracings  and  maps  made 
in  same  time;  also,  a  list  showing  maps  and  tracings  received  from 
chief  engineers  of  departments. 

The  need  of  my  office  is  a  moderate  amount  of  money  wherewitJi  to 
employ  a  draughtsman  and  to  purchase  the  ordinary  materials  required. 
It  has  been  through  considerable  embarrassment,  that  I  have  been  able 
to  do  even  so  much  as  has  been  done,  and  it  has  been  accomplished  by 
begging  from  other  depailmeut«,  and  by  purchase  of  materials  from  my 
own  private  means. 

Five  thousand  dollars  could  be  profitably  expended  during  the  neit 
fiscal  vear. 

Very  respectfully,  your  obedient  servant, 

James  F.  Geegoey, 
Captnin  of  Enginem. 

Brig.  Gen.  H.  G.  Weight, 

Chief  of  Engineers^  United  States  Army, 


TABULAR   STATEMENT  OF  MAPS   RECEIVED,  CORRECTED,   COMPLETED,  MOUNTED,  A5D 

ISSUED. 


Title  of  maps. 


Disposition. 


Received ^ i  ic 

Corrected !  8 

Completed |  8 

Honnted 9 

Issued I  9 


54 

60 

20 

23 

9 

8 

33 

9 

8 

3 
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6 

6 

57 
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7 
1 

4 
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LIST   OF   TRACINGS  AND   MAPS  3IADE. 

2  tracings  of  Fort  Kobiiison,  Nebr.,  with  line  of  retreat  of  Cheyennes 
after  theii^  outbreak  January  9,  1879. 

2  tracings  of  sketch  of  route  from  Wichita,  Kans.,  to  Barrel  Springs, 
Ind.  T.,  with  itinerary. 

1  tracing  of  country  between  Missouri  Eiver  and  50^  north  latitude, 
and  lOiP  and  llOp  west,  locating  thereon  the  whereabouts  of  hostile 
Indians. 

Reduced  plan  of  Fort  Custer,  Mont. 

Reduced  topographical  sketch  of  Fort  Custer  and  vicinity. 

1  tracing  of  United  States  military  reservation  of  Fort  Missoula,  Mont. 

1  tracing  of  Fort  McKinney  Reservation. 

1  tracing  of  vicinity  of  Ysleta,  Tex. 

1  tracing  of  reconnaissance  b3'  General  Brooke  between  Forts  Bentou 
and  Assinaiboine. 

4  tracings  of  Indian  Territory,  from  General  Land  OflQce  map.    * 

1  tracing  of  Southern  Colorado,  from  Professor  Hayden's  drainage  map. 

1  tracing  of  proposed  extension  of  military  reservation  of  Fort  Robin- 
son, Nebr. 

1  tracing  pf  proposed  reservation  at  El  Paso,  Tex.* 

2  tracings  of  map  of  military  reservation  of  Fort  Ringgold,  Tex. 
1  tracing  of  reservation  of  Depot  McKinney,  Wjo. 

1  tracing  showing  proposed  telegraph  lines  in  Indian  Territory. 

1  tracing  showing  site  for  post  at  Henry's  Lake,  Ind.  T. 

1  tracing  of  plan  of  fourth  story  of  United  States  post-oflSce  and  custom 

house,  Chicago. 
Corrected  2  maps  of  the  United  States.    (Rand,  McNally  &  Co.'s  edition.) 

Mounted  for  office  use,  map  of  Dakota. 

WORK  DONfe  FOR  THE  QUARTERMASTER  DEPARTMENT. 

Corrected  map  of  the  United  States.    (R.,  McN.  &  Co.'s  ed.) 

Niade  5  tracings  and  mounted  transportation  map  of  Department  of 
Dakota. 

Niade  3  tracings  and  mounted  transportation  map  of  Department  of 
the  Platte. 

JVlade  3  tracings  and  mounted  transportation  map  of  Department  of 
Texas. 

1^  tracing  of  plan  of  fourth  story  of  United  States  post-office  and  cus- 
tom-house, Chicago.  • 
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WORK  IN  PROGRESS. 


Sheet  4,  Western  Territories. 


LIST  OF  MAPS  AND    TRACINGS    RECEIVED    FROM    CHIEF    ENGINEER    OFFICERS  OF  DE- 

PARTMENTS. 


^eparlment  of  J/i*«o«ri. 


Date. 

1879. 
Feb'y  18 
Feb'y  18 
Feb'y  27 

March  b 

March  5 

March  10 
March  SO 


Nature. 


Description. 


•  m  m  m 


March  31 

March  31 
March  38 
March  28 
April  3 
April  19 
April  26 


1  traclDfif Battle-grotiDd,  September  37, 1878 

do Toll  road  cafion,  Animas  River 

.  do Uoited  States  military  reservation  of  Fort  Lewia, 

Colo.,  and  townsite  at  Paguaa  Sprinf(8. 
.  do .y  -  •  •    Boute  of  battalion  Ninth  Cavalry.  Companies  C  and 

D,  under  command  of  Captain  Parker. 
.  do Topographical  sketch  of  part  of  Western  Colorado 

anu  Eastern  Utah,  showing  route  of  Lieutenant 

Humphrey,  Ninth  Cavalry. 
.  do New  road  from  Wichita,  Kans.,  to  Barrel  Springs, 

Ind.  T. 
.  do Boute  from  Fort  Garland,  Colo.,  to  Santa  Fe,  N.  Mex., 

and  from  San  Juan,  N.  Mex.,  to  Alamosa,  Colo. 


By  whom  made. 


Captain  "Wtdmtyn. 
Lieutenant  EoAwr. 
Lieutenant  Softer. 

Captain  Parker. 

Lieutenant  Enjt- 
rey. 

Lieut  C.  E  HeyL 

Lieutenant     St«id- 
man. 


Department  of  Dakota, 


1  tracing. 


....  do. 

do  - 

—  do. 
....  do. 
. ...  do. 
1  map. 


Topographical  map  of  Fort  Custer,  Mont Private  Leiris  Wer- 

ver,Sec<iiDdCtTiljj. 

Plan  of  Fort  Custer,  Mont 

Beconnaissance  from  Fort  Keogh  to  Fort  Buford '  Lieutenant  tfj«iiin> 

Beconnaissance  of  the  Owl  Biver Lieutenant  BoAiak 

Military  reservation,  Fort  Keogh Lieutenant  MAgairb 

Plan  of  Fort  Keof!;h,  Mont Lieutenant  Mifmrt. 

Departmeutof  Dakota,  ltj78 Lieutenant M«^b>'^ 


Department  of  Tvxax. 


April     c<  I  1  tracing. 


April  22 
May       8 

June     S3 


1  map — 
1  tracing. 

....do... 


•••••< 


Field  operations  Companv  K.  Tenth  Cavalry,  Sep-  i  Lieutenant  Besd. 

tember  and  November,  i&78.  | 

Westorn  Texas,  December.  l5'78  (photo^rraph) I  Captain  Lirenwri. 

Scout  of  detachment  Company  h,  Tenth  Infantry,     Lieutenant  Wia«l«a 

from  Fort  (rriffin,  Tex.,  to  vicinitj*  of  Pease  River.  ! 

Scout  by  Lieut.  J.  L.  Bullis,  Twontv- fourth  Infantry,  j  Lieutenant  Ball* 

from  Fort  Clark,  Tex.,  through  I'exas  and  in  New  ' 

Mexico  in  the  Hpring  of  IST'J. 


Department  of  the  riattv. 


MarchlO  '  1  tracing Military  re»er^*ation,  Camp  Sheridan,  Nebr Captain  Staatoo. 

May       8     1  map Beconnais.tauceH  of   routes   in   Departmeutof  the     Captain  Staot«a. 

i  Platte,  1875,  1876,  and  1877. 


Division  of  the  Pacific. 


April 
April 


3     3  maps... 
3  1....  do. ... 


Sheets  two  and  eight  of  Arizona  Territory Lieutenant  TwKf 

Scout  of  Lieut.  Geo.  S.  Wilson,  Twelfth  Infantry,     Lieutenant  Palfrrj 
near  headwaters  of  Salmon  Biver,  Indian  Terri- 
tory, in  the  summer  of  1878. 
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rAL  EEPOET  OP  CAPTAIiT  W.  S.  STANTON,  COEPS  OP 
UNEEES,  FOE  THE  FISCAL  YEAE  ENDING  JUNE  30, 

rations  and  surveys  in  the  department  of  the  platte. 

Headquarters  Department  op  the  Platte, 

Engineer  Office, 
Fart  (h)iahay  JVe&r.,  July  4, 1879. 

ERAL :  I  have  the  honor  to  submit  the  following  report  as  Engineer 
of  this  military  department  for  the  fiscal  year  ending  June  30, 

ast  annual  report  exhibited  the  progress,  and  the  results  thus  far, 
stem  of  reconnaissances  designed  for  such  a  revision  of  the  depart- 
nap  and  to  secure  such  information  as  the  needs  of  the  service 
mmediately  demand,  especially  in  regard  to  present  and  future 

region  of  active  service,  where  such  work  is  most  needed,  is  that 
f  the  department  lying  north  of  the  Union  Pacific  Eailroad  and 
)f  the  one  hundredth  meridian,  embracing  about  160,000  square 

Four  lines  of  telegraph  penetrate  it  from  the  railroad  at  inter- 
■,  about  130, 180,  and  190  miles.  The  eastern  and  western  of  these 
ttend  beyond  the  northern  boundary  of  the  department  to  Fort  Cus- 
l  HelenU,  Mont.,  while  the  two  intermediate  ones  penetrate  to  dis- 
resi)ectively  at  Camp  Stambangh  and  Fort  McKinney,  of  100  and 
les.  These  lines  of  telegraph  ^ord  excellent  and  unusual  facili- 
r  reconnaissances  by  providing  telegraphic  longitudes  for  their 
and  closing  points,  and  frequently  checked  chronometer  rates  for 
►metric  longitudes  at  intermediate  camps.  They  thus  impart  to 
>rk  an  accuracy  sufficient  not  only  for  all  present  uses,  but  to  give 
considerable  degree  a  permanent  value  for  use  hereafter  in  con- 
1  with  a  systematic  survey  of  the  West. 

30  reconnaissances  have  been  made  thus  far  where  most  urgently 
I,  in  that  part  of  the  department  whi6h  was  either  tlie  base  or  seat 
rations  against  the  Sioux  Indians  in  1876  and  which  is  still  the 

of  the  most  activity  in  the  movement  of  troops  and  supplies, 
w  if  any  of  the  routes  there  were  before  correctly  mapped  and 
•f  them  had  been  measured,  at  least  the  results  of  no  reliable  meas- 
ats  were  available  for  payments  by  the  Pay  and  Quartermaster'^ 
tments  or  for  arranging  and  conducting  military  movements.  The 
i  itineraries  and  tables  of  distances  resulting  have  been  supplied 
ions  disbursing  and  accounting  officers  here  and  in  Washington, 
om  they  have  been  sought,  and  officers  serving  with  troops  have 
sively  asserted  their  usefulness  in  the  field, 
operations  against  the  Bannock  and  Shoshonee  Indians  in  South- 
Q  Idaho  in  the  spring  of  1878  disclosed  the  fact  that  the  map  of 
erritory  is  quite  out  of  date  and  defective  for  campaign  purposes. 
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revealing  a  want  of  information  regarding  routes  and  localities  hamper- 
ing to  the  department  commander  and  his  staff  here  and  to  officers  ii 
the  field  there,  and  strikingly  exemplified  the  necessity  for  pushing  the| 
reconnaissances  to  the  western  limit  of  the  department  as  soon  as  prac- 
ticable. 

Again,  on  the  escape  of  the  Cheyenne  Indians  northward  from  th( 
Indian  Territory  last  autumn,  the  search  by  the  troops  for  a  band  oi 
them  in  the  great  sand-hill  region  of  this  State  evinced  the  need  of  ex«| 
tending  the  reconnaissances  eastward  to  secure  information  of  the  m( 
favorable  lines  of  approach  and  entrance  to  the  sand  hills,  and  of  t\u 
location  of  the  most  probable  resorts  for  Indians  among  them.    The  m 
of  exploring  that  rather  obscurely  known  and  difficult  region  is  furth( 
apparent  from  the  present  proximity  to  it  of  the  Sioux  and  from  the  i)0« 
sibility  that  they  likewise  may  resort  to  it  if  again  hostile  and  pur| 
sued  by  the  troops. 

These  reconnaissances,  which  are  so  clearly  of  immediate  utility  to  th< 
service,  are  made  with  means  as  exclusively  military  as  consistent  with 
efficient  and  accurate  work  and  with  a  time  economy,  which  exacts  such 
an  application  of  the  means  employed  (personal,  escoit,  and  transporta- 
tion) as  will  secure  the  largest  and  best  results.  The  only  service  not 
rendered  by  persons  either  commissioned  or  enlisted  is  that  performed 
by  one  civilian  as  topographer  and  assistant  in  the  field  and  as  princi- 
pal draughtsman  in  the  office  at  $100  per  month,  a  sum  well  expended 
and  as  well  earned  by  exacting  and  unremitting  labor. 

This  much-needed  map-work,  based  upon  careful  reconnaissances  and 
all  available  information  from  railroad,  boundary,  and  land  surveys, 
is  the  chief  and  foremost  duty  of  a  department  engineer,  in  which,  with 
suitable  means,  he  could  constantly  render  advantageous  and  remunera- 
tive service  to  the  government. 

I  regret  to  report  that  the  utter  want  of  funds  in  this  office  has  com- 
pelled the  discontinuance  of  reconnaissances  during  the  year,  and  con- 
sequently that  no  material  progress  has  been  made  with  the  department 
map. 

Throughout  the  year  this  department  has  had  neither  a  dollar  of  engi- 
neer funds  nor  an  engineer  soldier.  A  detachment  of  selected  engineer 
troops  has  long  been  sought,  with  the  design,  after  carefully  instructing 
them,  of  distributing  them  among  the  more  important  posts  in  the  de- 
partment, to  be  at  hand  to  accompany  the  marches  of  the  various  col- 
umns and  detachments  for  the  purpose  of  making  with  odometer  and 
compass  a  careful  survey  of  their  trails.  This  appears  to  be  the  only 
method  of  securing  from  these  movements  information  sufficiently  com- 
plete, clear,  and  accurate,  and  sufficiently  trustworthy  to  embody  upon 
the  map. 

The  following  is  a  summary  of  what  has  been  done  in  the  office  subse- 
quently to  the  first  two  months  of  the  fiscal  year,  which  were  occupied 
in  completing  the  computations  of  altitudes,  preparing  the  profiles  of 
routes  and  plates  of  meteorological  curves,  and  finishing  the  map,  all  of 
which  accompanied  my  last  annual  report. 

The  reduction  of  the  meteorological  observations  taken  at  Fort  Lara- 
mie during  the  reconnaissance  of  the  preceding  year  has  been  completed. 
The  results  of  these  observations,  which  were  taken  hourly  ft'om  July  31 
to  November  2,  1877,  are  embodied  in  the  three  following  tables  and  in 
the  curves  on  the  two  plates  herewith,  which  give  hourly  for  each  of 
the  three  periods  from  July  31  to  August  31,  September!  to  30,  and 
October  1  to  ^N^ovember  2,  the  mean,  each,  of  the  temperature,  difference 
between  the  wet  and  diy  bulb  thermometers,  force  of  vapor,  relative  hu- 
jnicUtyy  and  horary  correction  of  the  baromc^ter. 
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rly  ohservations  at  Fort  Laramie^  Wyoming,  from  July  31  to  JN^orem&cr  2,  ld77. 
Latitude  42o  1^  01";  altitude  above  sea  level,  4,241  feet. 
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October  1  to  Kovemher  2. 
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The  six  original  sheets  on  a  scale  of  1:200,000  of  the  map  which  was 
printed  on  a  scale  of  1:  900,000  with  the  report  of  last  year,  have  been 
finished  by  inking  and  lettering  them  and  adding  the  topography.  They  . 
are  on  a  suitable  scale  for  plotting  the  field  notes,  and  are  retained  in 
the  office  in  order  that  reliable  reconnaissances  which  may  be  made  in 
future  in  the  region  which  they  cover  may  be  plotted  ui>on  them.  All 
reliable  infonuation  secured  within  their  limits  will  thus  gradually  be 
accumulated  on  these  sheets,  which  will  contain  only  work  knowu  to  be 
correct  from  actual  survey  in  the  field. 

The  compass  and  odometer  notes  of  the  1,300  miles  of  routes  embraced 
in  the  reconnaissance  of  1877  have  been  reduced  with  the  traverse  table, 
and  the  latitudes  and  departures  thus  found  between  the  various  camps 
have  been  compared  with  the  same  co-ordinates  as  determined  astro- 
nomically. This  reduction  and  comparison  were  made  to  show  with 
accuracy  how  closely  the  trail  as  surveyed  with  the  compass  and  odom- 
eter would  plot  between  the  astronomical  points,  and  to  give  an  approx- 
imate idea  of  the  reliability  of  odometer  measurement  of  routes.  The 
comparison  is  given  in  the  appended  table. 

Excluding  cases  where  the  co-ordinates  make  an  angle  of  nearlj^  fKP 
with  the  route  which  involve  the  largest  error  arising  from  want  of  re- 
finement in  taking  the  courses,  and  excluding  unusually  tortuous  routes 
in  very  hilly  country,  an  examination  of  the  table  will  show  that  the 
average  excess  by  odometer  measurement  is  about  4J  per  cent.  This 
excess  would  seem  to  be  no  greater  than  that  due  to  the  tortuosity  of 
the  trail  in  each  course  and  to  the  slope. 

^Nearly  a  month  was  s])ent  during  tlie  winter  in  very  carefully  exam- 
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ling  and  correcting,  within  the  limits  of  this  military  depai*tment,  a 
hotographic  copy  of  the  northeastern  sheet  of  the  map  of  the  WjBstern 
erritories  being  compiled  in  the  Engineer  Department,  which  was  sent 
>  this  office  for  that  purpose. 

The  collection,  from  the  General  Land  Office  and  from  the  office  of  the 
djutant-General  of  the  Army,  of  information  relating  to  the  various  mili- 
ry  reservations  in  this  department  which  has  been  in  progress  for  some 
ne  past  has  been  completed,  and  from  the  mass  of  papers  thus  secured 
id  filed  in  the  office  a  comprehensive,  clear,  and  quite  voluminous  record 
«  been  made  of  the  various  orders  of  the  President  by  which  the  reser- 
ktions  have  been  declared  or  enlarged,  of  the  acts  of  Congress  b^^  which 
ey  have  been  reduced  or  relinquished,  and  of  the  general  orders  and 
ast  important  correspondence  from  the  War  Department  and  division 
id  department  headquarters  relating  thereto. 

From  this  information,  with  that  previously  in  the  office,  revised  plots 
iive  been  prepared  of  the  nineteen  military  reservations  in  the  depart- 
3nt  on  an  uniform  scale  of  two  inches  to  one  mile  (1:31680)  and  trac« 
gs  of  them  have  been  made  for  file  at  the  headquarters  of  the  various 
►sts.*  Full  information  is  clearly  inscribed  on  the  plot  of  each  reserva- 
>n,  describing  its  boundaries,  specifying  the  various  orders  by  which 
was  established,  when  and  by  whom  it  was  surveyed,  and  giving  the 
titude,  longitude,  altitude,  and  magnetic  declination  of  the  post. 
The  aggregate  area  of  land  in  the  department  reserved,  leased,  and 
irchased  for  military  purposes  is  306.2  square  miles. 
The  above  compilation  and  plots  are  fortunately  at  hand  to  favor  a 
ady  compliance  with  a  request  for  information  of  this  precise  charac- 
r  recently  made  by  the  War  Department  upon  the  department  com- 
ander  and  referred  to  this  office. 

The  collection  of  information  has  been  in  progress  for  the  revision  of 
le  "  tables  of  distances  and  itineraries  of  routes''  in  this  department 
acessary  on  account  of  changes  which  have  occuri'ed  since  their  prepara- 
on  in  December,  1877.  Tlie  more  im[)ortant  of  these  changes  are  as 
►Hows :  The  post  of  Fort  McKinney  has  been  moved  51.6  miles  by  road 
est  of  north  from  its  former  site  on  Powder  Eiver  to  the  Clear  Fork  of 
»at  stream.  The  posts  of  Fort  Bridger,  Camp  Stambaugh,  North 
'atte,  and  the  sub-post  of  Hat  Creek  have  been  abandoned.  The  des- 
nations  of  Camps  Robinson  and  Douglas  and  of  Sidney  and  Omaha 
irracks  have  been,changed  to  forts,  and  the  name  of  Camp  Brown  has 
eu  changed  to  Fort  Washakie.  A  new  route  has  been  opened  by  the 
ops  from  Rawlins,  on  the  Union  l^acific  Railroad,  via  Whisky  Gap, 
i^ldy  Creek,  and  Sweetwater  River,  to  Fort  Washakie,  Wyo.,  materially 
>rtening  the  line  of  transportation  from  the  east  to  that  post.  The 
ah  Northern  Railroad  (narrow  gauge)  has  been  extended  102  miles 
m  Franklin,  to  Blackfoot,  Idaho,  reducing  the  distance  between  Fort 
11  and  railroad  communication  from  104  to  12  miles.  The  extension 
^lie  Utah  Southern  Railroad  is  in  progress  southward  to  a  point 
H'er  Foit  Cameron,  Utah.  A  line  of  telegraph  has  been  completed 
the  troops  from  Dead  wood  across  the  northeast  corner  of  this  depart- 
^t  to  the  Little  Missouri  River  and  extended  by  detachments  from 
*ts  Keogh  and  Custer,  Mont.,  to  those  posts.  The  Spotted  Tail  and 
1  Cloud  Agencies  of  the  Sioux  Indians  have  been  moved  from  the 
^ouri  River,  respectively,  to  the  South  Fork  of  White  River  at  the 
^th  of  Rosebud  Creek,  and  to  Big  White  Clay  Creek  at  the  mouth  of 
1^  Creek,  This  location  of  that  powerful  tribe  in  a  degree  imperils 
^Httle  interests  on  the  Niobrara  River,  in  the  northern  part  of  this 
^^tment,  and  causes  a  necessity  for  reccmnaissances  to  secure  infor- 


2324        RKPOKT  OF  THE  CHIEF  OF  ENGINEERS. 

Illation  needed  in  the  service  which  the  troops  are  liable  to  be  called 
upon  to  render  in  protecting  that  region.  For  this  latter  purpose  the 
constmction  at  once  of  a  new  post  in  the  vicinity  of  the  intersection  of 
the  Niobrara  by  the  100th  meridian  is  probable. 

Thirty-two  copies  of  the  "  tables  and  itineraries,''  359  maps,  and  153 
reports,  140  of  which  also  contain  ma])s,  have  been  issaed. 

Drawing  materials  to  the  amount  of  $35.80  have  been  porcha^  and 
supplied  to  the  office  by  the  Engineer  Department,  which,  excfeptiog 
the  maps  tod  reports  supplied  for  issue,  is  the  entire  amount  of  engineei 
funds  applied  in  this  military  department  during  the  year. 
Very  respectfully,  youi*  obedient  servant, 

W.  S.  Stanton, 
Captain  of  Engineers^  Chief  Engineer  of  Department. 

The  Chief  of  Engineers,  U.  S.  A. 
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ANNUAL  REPORT  OF  LIEUTENANT  E.  IL  RUFFNER,  CORPS 
OF  ENGINEERS,  FOR  THE  FISCAL  YEAR  ENDING  JUNE 
30,  1879 

explorations  and  sur\'eys  in  the  department  op  the  missovki. 

Headquarters  Department  of  the  Missouri, 

Office  of  the  Chief  Engineer, 
Fort  LeiciSj  Pagosa  Springs,  Colo.j  July  5,  1879. 

Sir  :  I  have  the  honor  to  render  the  following  as  my  annual  rei>ort 
f<)r  the  year  ending  June  30, 1879 :  On  the  23d  of  July,  1878, 1  left  Fort 
ULieaven worth  for  Fort  Garland,  Colo.,  and  then  took  charge  of  the  work 
^]^uthorize<l  by  the  sundry  civil  expense  bill  for  the  current  fiscal  year 
xipon  "  military  wagon-road  from  a  suitable  i)oint  on  the  Denver  and 
liio  Grande  Railway  to  Parrott  City,  Colo.,^  for  which  an  appropriation 
of  $5,000  was  available.  After  a  preliminary  report,  which  was  ap- 
proved by  the  department  commander,  work  was  authorized  by  the 
^^retary  of  War  upon  the  selected  line.  This  line  was  due  west  from 
-Alamoso  to  the  canon  of  Cat  Creek,  and  thence  up  it  and  across  to  the 
^^aiion  of  Alamosa  Creek.  Up  this  creek  the  line  was  a  natural  water- 
^rade  and  an  easy  one  until,  at  5  miles  from  the  summit,  a  small 
txibutary  was  followed  to  the  large  park  to  the  west  of  the  summit  dis- 
Wet,  or  small  town  called  the  Summit. 

Tlie  pass  used  was  afterwards  determined  by  a  survey  of  the  Denver 
^nd  Rio  Grande  Railway  to  l>e  at  an  elevation  of  11,554  feet,  Alamosa 
l^eing  7,500  feet  and  64  miles  distant.  The  railway  line  is,  however, 
longer  than  the  wagon-road,  which  has  an  average"  grade  of  about  75 
ftet  in  the  canon  and  300  feet  to  the  mile  which,  ascending  the  pass 
iu  the  steepest  portion,  or  about  5  miles.  On  the  western  slope 
t-he  line  follows  down  the  principal  tributary  of  the  east  fork  of  the 
San  Juan,  down  which  the  grade  is  very  precipitous,  probably  400 
feet  to  the  mile,  for  2  or  2^  miles.  After  this  tjie  grade  is  better,  and 
^t  the  junction  of  the  two  forks  a  good  road  is  met  from  that  point  to 
i^agosa  Springs,  12  miles  distant.  To  use  $5,000  in  opening  50  miles 
^f  new  wagon-road  and  across  the  main  range  of  the  Rocky  Mountains 
^s  not  a  very  easy  task.  It  was  the  intention  to  carry  a  wagon-track  as 
^ar  as  possible,  lea\ing  its  improvement  to  some  future  time.  Work 
continued,  therefore,  till  the  exhaustion  of  the  appropriation  on  the  1st 
^^  December,  at  which  time  a  wagon  could  go  from  Alamosa  to  a  point 
some  6  miles  west  of  the  range,  lea\ing  some  20  miles  of  line  which  are 
passable  only  by  the  trail.  The  road  was  at  best  only  passable  by 
^^gons,  and  a  further  appropriation  of  $10,000  was  asked  to  complete 
the  work.  This  has  been  granted,  and  work  began  on  the  2d  of  July, 
^'hich  will  result  in  the  completion  of  the  road. 
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In  the  fall  a  temporary-  cantonment  was  established  at  Pagosa  Springs, 
which  has  since  been  enlarged  and  established  as  a  permanent  post  un- 
der the  name  of  Fort  Lewis,  and  I  was  ordered  to  survey  the  boundaries 
of  a  military  reservation  for  this  post  in  December,  1878. 

This  work  was  done  between  December  10  and  17,  in  the  midst  of 
very  cold  weather,  the  thermometer  dropping  to  23°  below  zero.  A 
reservation  6  miles  square  was  laid  oflP,  which,  excluding  therefirom  the 
township  reservation  of  1  mile  square  made  by  the  President  May  20, 
1877,  contains  35  square  miles  of  land,  which  wUl  some  day  be  very  val- 
uable, and  which,  in  connection  with  the  new  scheme  relative  to  the 
consolidation  of  the  Ute  Indian  tribes  in  this  vicinity  on  a  new  and  very 
much  smaller  reservation,  will  make  an  important  military  location. 
The  very  fact  of  a  military  post  established  at  this  point  has  brought  a 
small  population  of  500  to  the  new  town,  where  six  months  before  was 
found  only  one  house. 

Under  special  orders  of  the  department  commander,  I  left  Fort  Leav- 
enworth on  April  10,  and  inspected  the  condition  of  the  Alamosa  road 
as  far  as  finished,  and  then  went  to  Pagosa  Springs  and  was  engaged 
till  the  end  of  the  fiscal  year  in  making  a  detailed  survey  of  the  interior 
of  the  military  reservatiou  at  Fort  Lewis,  and  in  preparing  estimates 
and  making  examinations  relative  to  the  building  of  the  new  post.  The 
survey  has  been  completed,  and  a  map  is  nowh^ing  prepared  showing 
the  details,  contour  lines,  &c.,  of  this  reservation.  Work  having  begun 
on  the  Alamosa  and  Pasrosa  Springs'  wagon-road,  my  station  has  been 
changed  to  Fort  Lewis  during  its  continuance.  During  the  summer  and 
fall,  and  probably  with  the  winter,  I  expect  to  be  employed  on  these 
works. 

There  being  no  funds  available  for  surveys,  there  has  been  no  surveys 
conducteil  under  my  direction  this  year  other  than  those  mentioned. 
Lieuts.  J.  B.  Lockwood  and  C.  H,  Heyl,  of  the  Twenty-third  Infantry, 
have  been  engaged  under  orders  from  the  department  and  post  com- 
manders in  making  surveys  and  measurements  of  the  roads  leading  from 
Wichita  and  Fort  Supply  to  the  new  cantonment  on  North  Fork  of  Red 
Eiver,  in  the  Indian  Tei-ritory,  and  plats  of  these  surveys  have  reached 
my  office.  The  usual  number  of  maps  have  been  distributed,  but  there 
has  been  very  little  office  work  done,  owing  to  lack  of  material  and  my 
absence  on  personal  duty  from  my  station  all  but  3^  months  of  the  year. 

I  submit  herewith,  in  connection  with  my  last  year's  report,  a  very 
valuable  chemical  report  made  by  Dr.  Charles  Smart,  United  States 
Army,  on  the  specimens  of  deposits  and  water,  submitted  by  Lieutenant 
McCauley  and  collected  by  him  at  Pagosa  Springs. 

This  report  is  of  special  value,  as  covering  some  peculiar  conditions  of 
animal  and  vegetable  life  at  these  springs;  which,  remarkable  fit)m  so 
many  i>oints  of  view,  are  more  likely  to  come  to  the  public  notice  as  their 
peculiarities  are  known. 

Yery  respectfully,  your  obedient  servant, 

E.  H.  RUFFNER, 

First  Lieutenant  of  Engineers, 
The  Chief  of  Engineers,  U.  S.  A. 
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RR  I. 

3EMICAL  REPORT  ON  THE  PAGOSA  SPRINGS  OF  COLORADO,  BY  CHARLES 

SMART,  ASSISTANT  SURGEON,  U.  S.  A. 

LEITER  OF   TRANSMITTAL  FROM   LIEUTENANT  M'CAULEY. 

Fort  Fred  Steele,  Wyo., 

June  19,  1879. 

Sir  :  I  have  the  hoDor  to  transmit  herewith  "  Chemical  Beport  on  the  Pagosa  Springs 

Co/oraifo,''ja8t  received  from  Dr.  Charles  Smart,  assistant  sargeon  United  States 
rmy,  the  inspector,  «&c.,  of  the  National  Board  of  Health,  lately  stationed  at  Fort 
"eble,  Maine. 

In  Jane,  1877,  while  yoar  assistant,  having  been  sent  from  department  headquarters 
to  the  field  in  charge  of  the  "  reconnaissance  of  the  San  Jaan  country  of  Colorado," 
e  results  of  which  are  contained  in  your  annual  report  for  1878,  lately  issued  from 
e  office  of  the  Chief  of  Engineers,  I  collected  while  in  camp  at  Pagosa  Springs,  Col- 
ado,  samples  of  the  waters  for  analysis. 

Dr.  Smart,  who  had  kindly  promised  to  make  the  investigations  gratis,  being  at  that 
ne  changing  station,  the  waters  were  shipped  to  a  chemist  in  the  office  of  the  Sur- 
on-General  at  Washington,  by  whom,  owing  to  a  press  of  work  on  hand,  they  were 
'erlooked.  On  account  of  the  resulting  deposition  no  report  could  be  obtained. 
The  following  year  another  effort  was  made  to  obtain  the  necessary  water  from  the 
rings,  which  during  the  summer  was  •  prevented  by  the  duties  incident  to  the  work 

the  Ute  Indian  Commission.*  The  latter  concluded,  the  journey  from  Fort  Garland 
er  the  mountain  ranges  to  Pagosa  was  undertaken  in  winter,  occupying  five  weeks, 
clndlng  the  time  at  Fort  Garland,  when  eneaged  upon  the  report. 
The  report  upon  the  springs,  made  agreeably  to  telegraphic  instructions  from  the 
mmanding  officer,  district  of  New  Mexico,  was  duly  forwarded  to  Santa  ¥6,  N. 
ex.,  thence  being  sent  to  the  commanding  general,  Department  of  the  Missouri,  by 
bom  it  was  forwarded  to  the  Secretary  of  War,  appearing  as  Senate  Document  No. 
,  Forty-fifth  Congress,  third  session,  March,  1879. 
The  various  waters  obtained  for  qualitative  and  quantitative  analyses — thirty  quarts 

all — securely  bottled  and  very  carefully  packed  for  mountain  travel,  were  supple- 
dnted  by  a  large  and  complete  collection  of  deposits  from  the  springs,  and  were 
ipped  from  Camp  Lewis,  Pagosa  Springs,  in  December,  via  Fort  Garland,  Colo., 
aoning  department  headquarters  at  Fort  Leavenworth,  Kansas,  late  in  January, 
79.    Having  been  exposed  in  transit  to  low  temperatures,  as  great  as  — 20^  or  — 30^  F., 

per  cent,  of  the  samples  were  ruined  by  freezing  and  breakage.  The  three  quart 
ttles  remaining,  repacked  and  reshipped,  with  the  collection  of  deposits,  reached 
r.  Smart  at  Fort  Preble,  Maine,  in  March  last,  the  report  here  with  transmitted  to  you 
ing  the  results  of  his  investigation  thereon. 

Although  not  now  on  duty  in  your  office,  I  beg  leave  to  forward  it  at  once,  request- 
g  that,  if  possible,  it  may  be  printed  with  your  annual  re{)ort  for  1879.    The  result 

careful  and  extended  research,  it  will  be  found  an  exceedingly  interesting  and  vaL 
ble  document. 

I  am,  sir,  very  respectfully,  your  obedient  servant, 

C.  A    H.  McCauley, 
Firtft  Lieut,  Third  Cavalrifj  late  Assintant  Ut  Chief  Engineer  Department  Mo, 

First  Lieut.  E.  H.  Ruffnkr, 

Chief  Engineer y  Department  of  Missouri, 


letter  of  transmittal  from   dr.   CHARLES  SMART. 

Fort  Preble,  Portland,  Me.,  April  10, 1879. 

Sir:  I  have  the  honor  to  forward  to  you  the  results  of  an  investigation  into  the  in- 

sranic  constituents  of  certain  waters  from  the  Pagosa  Springs  of  Colorado. 

The  waters  were  contained  in  three  bottles,  securely  corked  and  in  good  condition, 

ch  containing  about  17  ounces,  and  marked,  respectively,  ''spring  No.  1,'"' spring  No. 

V  and  "spring  No.  17." 

The  loss  of  90  per  cent,  of  the  samples  from  freezing  and  consequent  breakage  dur- 

l  transportation  was  unfortunate,  as  the  water  was  supplemented  by  a  fine  collec- 

m  of  deposits  from  the  springs,  which,  with  the  original  quantity  of  the  samples, 

»uld  have  left  nothing  to  be  desired  to  complete  au  accurate  analysis.    As  it  is,  the 


I 
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water  was  in  too  limited  a  quantity  to  admit  of  satisfactory  conclusions,  and  tlie 
analysis  of  each  woald  have  been  comparatively  valueless  but  for  the  testimony 
which  each  bears  to  the  accuracy  of  the  other. 

Operations  on  minute  quantities  of  matter,  besides  requiring  greater  care  than  ii 
usually  siven  to  technical  analysis,  have  their  slight  manipulative  errors  greatly  mag- 
nified when  recorded  as  per  gallon.  Qualitative  examination  showed  in  each  the 
same  constituents — lime,  magnesia,  soda  and  potash,  chlorine,  carbonic  and  sulphuric 
acids,  and  traces  of  iron  and  alumina — the  last  only  in  such  proportions  as  are  found  in 
ordinary  potable  waters. 

Fifty  cubic  centimeters  were  used  in  the  determination  of  the  chlorine  by  voln- 
metric,  silver  solution  ;  the  same  quantity  was  employed  for  the  carbonic  acid  by  nor- 
mal acid  and  alkaline  solutions;  and  another  such  volume  for  sulphuric  acid  by  pre- 
cipitation ;  and  the  balance,  one  hundred  and  fifty  cubic  centimeters,  were  evaporated 
for  the  total  solids,  the  lime  of  which  and  the  magnesia  were  separated  and  weighed ; 
while  another  volume  of  150  cubic  centimeters  was  employed  in  determining  the  rela- 
tive quantities  of  the  alkalies.  About  one-fourth  of  the  sample  was  thns  reserved  for 
a  repetition  of  an  experiment  in  which  accident  might  interfere  to  render  the  result 
doubtful. 

The  following  represents  the  constitution  of  the  springs  as  accurately  as  the  amount 
of  the  samples  will  permit : 


(Spring 


Spring 
Xo.  10. 


Sulpliate  of  Mxla,  in  graiim  per  gallon 

Potassium,  chloride >..../. 

Lime,  carbonate 

Magnesia,  carbonate 

Lime,  sulphate 

Total  in  grains  per  gallon 


139.0 

117.0 

19.0 

l:i8 

41.0 

43.4 

2.5 

2  1 

11.4 

10.2 

312.9 

186.5 

Spring 
No.  IT. 


101.0 

lit; 

M.i 
3.4 

10.0 

15&4 


These  results  have  their  error  on  the  side  of  excess,  the  totals  by  evaporation  being 
204,  173,  and  141  grains  per  gallon,  in  the'No.  1,  No.  10,  and  No.  17  springs,  respectively. 
Most  of  the  deposits  from  these  springs  are  mixtures  of  lime  sulphate  with  carbonates 
of  lime  and  magnesia,  the  lime  sulphate  greatly  preponderating.  One  sample,  marked 
as  from  the  bottom  of  spring  No.  1,  consists  almost  purely  of  sulphate  of  lime. 

Among  the  specimens  marked  as  collected  near  this  spring  (No.  1)  was  a  fragment 
of  moss,  which  had  been  thickly  incrusted  with  the  more  soluble  salts  of  the  water. 
This  was  employed  to  determine  the  relative  proportions  of  the  alkalies,  as  the  evi- 
dence from  tne  water  sample  was  not  so  trustworthy  as  desirable.  The  result  demon- 
strated the  presence  of  potassium  in  quantity  to  combine  with  the  chlorine  found, 
leaving  the  sodium  entirely  as  sulphate. 

In  this  specimen  a  show  of  lithium  was  obtained  by  precipitation,  so  that  its  exist- 
ence is  probable  in  the  water  also. 

^  These  springs  may  be  regarded  as  virtually  the  same  water ;  No.  1,  for  instance,  being 
simply  diluted  by  the  in  dux  of  tributaries  of  less  saline  character  to  produce  the 
waters  of  Nos.  10  and  17.    The  springs  are  presumably  laxative  and  slightly  antacid. 
I  have  the  honor  to  be,  very  respectfully,  your  obedient  servant, 

Charles  Smart, 
Captain  ainl  Jushtaitl  <SurgeoHy  V.  S,  J. 
Lieut.  C.  A.  H.  McCaulky, 

Third  Uniivd  Statca  Cavalry, 


REPORT. 


The  water  and  samples  of  deposits,  the  analyses  of  which  form  the  basis  of  the  fol- 
lowing report,  were  collected  in  December,  1878,  by  Lieutenant  McCauley,  Third  United 
States  Cavalry,  assistant  engineer,  Department  Missouri,  during  his  explorations  in  and 
around  the  springs.  Although  a  fair  quantity  of  water  for  analytical  purposes  was 
bottled  from  each  of  the  notable  springs,  the  low  temperature  to  which  it  was  exposed  on 
its  way  from  Colorado  to  Fort  Leavenworth  causea  freezing,  with  consequent  break- 
age and  loss,  so  that  there  were  forwarded  to  the  writer  only  three  bottles^  each  con- 
taining about  17  ounces,  and  marked,  respectively,  Spring  No.  1,  Spring  No.  10,  and 
Spring  No.  17.  The  loss  was  unfortunate,  as  the  waters  were  supplemented  by  a  large 
collection  of  deposits  from,  the  springs,  which,  with  the  quantity  originally  bottled, 
would  have  left  nothing  to  be  desired  to  complete  an  accurate  analysis. 
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As  it  waSy  the  water  samples  were  too  limited  in  quautity  to  admit  of  satisfactory 
couclusioDs  iu  the  individual  case,  and  the  analysis  of  each  would  have  been  compara- 
tively \alDeles8  but  for  the  testimony  which  each  bore  to  the  accuracy  of  the  others. 
Operations  on  minute  quantities  of  matter,  besides  requiring  greater  care  than  is  usu- 
ally given  to  technical  iinalyses,  have  their  slight  manipulative  errors  greatly  magni- 
lied  when  recorded  as  per  gallon. 

Qualitative  examination  showed  in  each  the  same  constituents^  calcium,  magnesium, 
sodium,  potassium,  chlorine,  carbonic,  and  sulphuric  acids,  with  traces  of  iron  and  alu- 
mina, the  last  only  in  such  proportions  as  are  found  in  ordinary  potable  waters.  Fifty 
cubic  centimeters  were  used  in  the  determination  of  the  chlorine  by  volumetric  silver 
solution  ;  the  same  quantity  was  employed  for  the  carbonic  acid  by  normal  acid  and 
alkaline  solutions ;  and  another  such  volume  for  sulphuric  acid  by  precipitation  and 
the  balance.  One  hundred  and  fifty  cubic  centimeters  were  evaporated  for  the  total 
solids,  the  calcium  of  which  and  the  magnesium  were  separated  and  weighed ;  while 
another  volume  of  150  cubic  centimeters  was  employed  in  determining  the  relative 
<inantities  of  the  alkalies.  About  one-fourth  of  the  sample  was  thus  reserved  for  a 
repetition  of  any  experiment  in  which  accident  might  interfere  and  give  uncertainty 
to  the  result. 

The  following  represents  the  constitution  of  the  springs  as  accnriCtcly  as  the  amount 
of  the  sample  of  each  will  permit: 

Spring    Spring  ,  Spring 
No.  I.        No.  10.       Xo.  17. 

I  I 

Soiliura  gnlphate 1.986  ' 

C'alciara  carlionate • .  5^ 

Calcium  siilphato .  163 

Magneaium  cArbonato .  036 

rutaHtJtiam  chloride .271 


671 

1.443 

««) 

.434 

146 

.143 

030 

.049 

197 

.194 

Total  in  grains  per  liter i        3. 042  ,        •2. 664  ,  2. 263 


These  results  have  their  error  on  the  side  of  excess,  the  totals  by  evaporation  being 
"2.914,  2.471,  and  2.014  grains  per  liter  in  the  No.  1,  10,  and  17  springs,  respectively. 

Among  the  specimens  marked  as  collected  near  spring  No.  1  was  a  fragment  of  moss 
which  had  become  thickly  inomstcd  with  the  more  soluble  salts  of  the  water.  This 
was  employed  to  determine  the  relative  proportions  of  the  alkalies,  as  the  evidence 
from  the  water  sample  was  not  satisfactory.  The  result  demonstrated  the  presence  of 
l>otassium  in  quantity  to  combine  with  the  chlorine  found.  In  this  specimen  a  show 
ot  lithium  was  obtained  by  precipitation,  so  that  its  existence  is  probable  in  the  water 
also. 

On  account  of  the  meager  supply  of  water  from  the  thrco  springs  represented,  and 
the  absence  of  any  information  concerning  their  locality  and  relations,  the  wrlt-er's  in- 
terest in  them  ceased. 

They  were  regarded  as  virtually  the  same  water  j  No.  1,  for  instance,  being  simply  di- 
luted by  the  influx  of  the  tributaries  of  less  saline  character  to  produce  the  waters  of 
Nos.  10  and  17.  Some  of  the  packets  of  deposits,  marked  as  from  Nos.  1  and  17,  were 
opened,  and  calcium  sulphate  and  carbonate  having  been  recognized  as  their  principal 
constituents,  the  large  assortmi>nt  of  specimens  were  set  aside  unopened ;  those  from 
the  springs  examined  as  unnecessary,  since  sulphate  and  carbonate,  with  an  overlying 
water  containing  these  salts,  presented  nothing  to  excite  curiosity,  and  those  from  the 
other  springs  as  possessing  no  interest  in  the  absence  of  the  water  from  which  they 
were  deposited.  The  receipt  at  this  time  of  Mr.  McCauley^s  report  on  the  springs  awoke 
an  interest  in  the  specimens  in  the  writer's  possession,  by  making  known  the  relation- 
ship of  their  mother  waters,  so  far  as  this  could  be  discovered  by  in8i)ection.  Nos.  1  and 
10  springs  were  shown  to  be  the  reservoir  and  outlet  of  the  same  water,  an  underground 
oh.'innel  connecting  the  two.  During  its  progress  from  the  one  to  the  other  the  water 
lost  temperature  from  141-  to  127^  Fjinr.,by  evaporation,  conduction  through  the  rocks, 
and  inflow  of  surface-water  by  percolation,  to  which  last  is  to  be  attributed  the  reduc- 
tion in  the  saline  constituents  from  3.042  to  2.664  grams  per  liter. 

Spring  No.  17  was  shown  to  be  separated  from  No.  1  by  a  greater  distance  than  No. 
10,  thus  permitting  a  greater  reduction  in  temperature  and  a  greater  dilution,  the  one 
falling  to  110-^  and  the  other  to  2.26*3  grams  per  liter.  Moreover,  No.  17  is  an  outlying 
spring,  without  visible  communication  with  either  1  or  10;  yet,  as  its  waters  were 
proved  by  the  analyses  to  be  similar  in  constitution,  it  was  fair  to  conclude  that  all  the 
other  springs  which  And  an  exit  on  the  same  calcareous  mound  or  plain,  and  which  are 
nearer  to  No.  1  than  is  No.  17,  must  be  derived  from  the  same  source,  and  that  the  de- 
posits from  any  of  the  springs  might  be  taken  as  illustrative  of  all.  The  singular 
character  of  the  deposits  described  by  Mr.  McCauley  were  unaccountable  in  view  of 
the  constitution  of  the  waters.  Sulphur,  which  figures  so  largely  in  his  description, 
had  been  present  only  in  the  water  of  spring  No.  1,  and  even  in  this  case  the  sulphuretted 
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odor  was  so  faint  as  to  be  set  down  as  accidental  and  owing  to  the  decompositioD  (A 
sulphates  in  the  presence  of  organic  matter.  The  earliest  opportunity  was  therefon 
taken  of  examining  these  specimens,  and  with  the  resalts  which  follow.  But  befon 
detailing  them,  a  reference  is  needful  to  an  analysis  given  in  Mr.  McCanley's  report  as 
publish^  in  a  popular  work  on  Colorado  ;  the  authority  therefor  not  being  stated.  Thii 
analysis,  I  infer  from  an  article  on  the  Mineral  Springs  of  Colorado,  by  Dr.  T.  G.  Hon, 
in  the  second  annual  report  of  the 'State  board  of  health,  must  be  that  of  spring  No 
1,  which  was  made  in  connection  with  Lieutenant  Wheeler's  survey,  the  result,  for  tb€ 
popular  convenience,  having  been  rendered  into  grains  per  wine  gallon.  Dr.  Horn 
quotes  from  Lieutenant  Wheeler's  report  the  constitution  of  four  of  the  springs,  which 
in  grams  per  liter  give  the  following  results  : 


Constituents. 


No.  1. 


Sod  i  am  carbonate '  .047 

Lithium  carbonate. '  .007 

Calcium  carbonate I  .590 

Magnesium  carbonate .  04H 

Potassium  sulphate !  .071 

Sodium  sulphate 1  2.217 

Sodium  chloride .- .292 

Silicic  acid .057 

Organic  matter Trace. 

Total  solid  constituents !  3.329 


No.  2. 


.033 
Trace. 

.039 
.070 
2.202 
.294 
.052 
Trace. 


3.285 


No.  3. 

i 

No.i 

Trac«. 

Tnci 

.545 

.5r- 

.037 

.031 

.066 

.071 

2.239 

2.346 

.312 

.2W 

.055 

038 

Trac«, 

Trace. 

3  354 

3871 

Gases,  carbonic  acid,  and  hydrogen  sulphide.  These  may  probably  give  a  more 
accurate  representation  of  the  totals  in  the  main  spring  and  its  immediate  neighbors 
than  is  afforded  by  the  recorded  results  of  analytical  operations  on  the  small  quantity 
furnished  to  the  writer.  But  exception  must  be  taken  to  the  presence  of  sodium  car- 
bonate in  the  main  spring,  and  the  consequent  absence  of  calcium  sulphate  in  its  wa- 
ters. At  the  time  when  special  attention  was  directed  to  this  point  by  the  receipt  of 
Mr.  McCauley's  report,  a  small  portion  of  the  water  of  the  main  spring  remained  on 
hand,  having  been  reserved  in  case  of  accident.  This  was  made  use  of  to  determine 
>  the  point  at  issue.  It  was  evaporated  to  dryness;  its  soluble  salts  were  dissolved  io  a 
few  drops  of  water,  which,  when  filtered,  gave  no  alkaline  reaction  nor  any  liberation 
of  carbonic  acid  when  treated  with  acid;  thus  excluding  the  presence  of  an  alkaline 
carbonate,  and  showing  no  chemical  objection  in  the  way  of  the  existence  of  calciam 
sulphate  in  the  original  water.  The  calcareous  film  in  the  capsule  was  then  washed 
with  water  until  the  washings  showed  no  trace  of  chlorine,  when  it  was  conceived 
that  all  the  sodium  sulphate  must  have  been  removed.  Subsequent  digestion  in  water 
gave  from  the  film  a  solution  which  showed  the  presence  of  sulphuric  acid  and  yielded 
a  precipitate  with  ammonium  carbonate,  proving  the  presence  in  the  original  water 
of  calcium  as  sulphate. 

Moreover,  as  will  be  seen  hereafter  in  discussing  the  crystallizations  from  the  springs, 
calcium  sulphate  in  solution  is  a  necessary  factor  in  their  formation.  A  retiumS  of  the 
situation  and  surroundings  of  this  group  of  hot  springs,  gathered  from  Mr.  McCauley's 
interesting  report,  is  needful  to  show,  in  connection  with  the  analyzed  deposits,  the 
identity  of  the  waters.  They  are  excavated  in  a  calcareous  rock  which  forms  the  sur- 
face-layer of  a  part  of  the  San  Juan  River  Valley ;  the  river  running  first  westward, 
then  southward,  and  then  inclining  a  little  eastward  in  its  southerly  course,  from  a 
horseshoe  bend,  in  the  concavity  of  which  is  the  area  in  which  the  springs  are  situ- 
ated. The  open  end  of  the  horseshoe  is  bounded  by  rolling  hills.  At  a  point  about 
loO  yards  from  the  prong  of  the  horseshoe,  300  yards  from  its'  concavity,  and  about 
400  yards  from  the  short  or  refused  southern  prong, is  the  site  of  the  Great  Hot  Spring, 
the  highest  part  of  the  area.  From  this  the  surface  of  the  Cretaceous  rock  declines, 
but  so.gently  that  the  area  is  more  of  a  plain  than  a  decline  towards  the  river,  where 
it  ends  in  a  water- cut  face  with  a  height  of  from  4  to  15  feet  above  the  level  of  the 
running  water. 

The  main  spring,  or  No.  1,  is  oval  in  outline,  60  by  45  feet,  and  of  unknown  depth. 
The  rock  at  its  margin  is  slightly  tilted  up,  so  as  to  give  the  basin  a  crater-like  rim. 
The  water  level  is  5  feet  below  the  rim,  and  there  is  no  surface  outflow.  Bubbles  of 
gas,  mainly  hydrogen  monosulphide,  arise  and  break  all  over  the  surface ;  but  the 
greatest  disengagement  of  gas  is  localized  near  the  center,  whence  a  discolored  scum 
is  wafted  to  the  sides,  where  it  sinks,  settling  at  the  unknown  bottom  or  on  inter- 
posed ledges  of  a  more  or  less  crystalline  structure,  and  develops  darker  and  beautiful 
hues,  of  which  green  is  the  prevailing  tint.  The  temperature  of  the  spring  is  141°  F^r. 
Underground  channels  carry  the  water  from  this  basin  northward  to  the  San  Juan 
River,  the  outflow  appearing  on  the  water-cut  section  of  the  Cretaceous  rock,  about  4 
feet  below  its  surface  and  0  feet  above  the  present  level  of  the  river.  The  principal 
points  of  outflow  constitute  springs  Nos.  9  and  10,  both  of  which  have  the  same  tem- 
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peratnre,  127^  Fabr.  On  the  line  of  direction  of  these  channels  are  several  holes,  vary- 
ing  in  diameter  from  1  to  5  feet,  which  have  been  set  down  as  springs  Nos.  2,  3,  4,  5, 
and  6.  These  have  temperatures  intermediate  between  those  of  the  termini  of  the 
channels,  and  their  deposits  are  in  general  terms  similar  to  those  of  No.  1. 

Spring  No.  7  lies  on  the  same  line,  bat  has  a  less  free  communication  with  the  under- 
lying current,  as  its  temperature  is  reduced  to  101^.  Its  deposits  differ  from  those  of 
the  others,  being  uniformly  of  a  reddish  tint. 

Spring  No.  H,  near  by,  is  now  filled  up  by  deposits  similar  to  those  in  No.  7. 

About  100  yards  south  of  the  main  spring  are  a  series  of  openings,  marked  as  springs 
Nos.  II,  12,  13,  14,  and  15.  These  have  an  overflow,  forming  little  rills,  which  unite, 
and^  rnnning  southward,  are  lost  in  a  swamp  which  lies  between  the  great  basin  and 
the  river  on  this  side.  Their  temperature.  No.  12  excepted,  is  but- a  few  degrees  below 
that  of  the  main  spring,  and  the  deposits  in  the  channels  of  the  rnnning  water  are  at 
tirst  similar  to  those  of  spring  No.  1 ;  but  farther  on,  and  especially  after  their  junc- 
tion with  the  runlet  from  No.  12,  the  temperature  of  which  is  102^  Fahr.,  the  character 
of  the  deposits  becomes  changed. 

In  the  swamp  are  springs  Nos.  18  and  19,  small  holes,  with  an  outflow,  in  the  channel 
of  which  is  a  black  deposit.    Temperature,  99^  Fahr. 

Nos.  16  and  17  are  between  the  main  springs  and  the  river  on  the  west,  their  temper- 
atures 107^  and  110^  Fahr.,  and  their  deposits  presenting  grayish  and  reddish  tints. 
The  calcareous  rock  is  not  confined  to  the  Hot  Spring  side  of  the  river.  It  passes  under 
the  gravelly  bed  of  the  stream,  and  appears  on  the  right  bank,  with  a  clean-cut  face 
slightly  higher  than  that  on  the  opposite  side.  Its  surface  aflbrds  a  site  for  the  mili- 
tary fort  of  Camp  Lewis;  but  generally,  on  the  right  bank,  its  existence  as  a  surface 
stratum  is  narrowed  to  a  few  hundred  feet  bordering  the  river.  About  half  a  mile 
below  the  hot  springs,  but  on  this,  the  right  bank,  are  three  cold  springs,  closely 
grouped  together  on  a  slight  mound  or  elevation  similar  to  that  existing  around  the 
basin  of  the  main  spring.  One  of  these  is  12  feet  in  diameter,  the  others  being  some- 
what larger.  There  is  in  these  but  little  water  movement,  and  no  outflow  save  by 
percolation  through  the  porous  rock.  The  bottom  here  furnishes  only  a  dark-colored 
mud.  Half  a  mile  farther  down  stream,  in  the  banks  of  the  Ojo  Frio  Creek,  and  even 
in  its  bed,  are  cold  sulphnreted  springs,  much  more  highly  charged  with  this  element 
than  those  last  mentioned,  but  no  samples  were  collected  from  them.  These  are  on 
the  left  or  hot  spring  side  of  the  San  Juan  River.  Understanding  thus  the  position 
of  the  springs,  the  deposits  may  now  be  presented. 

(a.)  "From  aide  of  cliff  near  river  bankf  300  yards  west  of  the  riMin  spring,^* 

A  light  ash-gray  block  of  mineral  matter,  imbedding  some  petrified  grass  cnlms.  It 
consists  of  89  per  cent,  of  calcium  carbonate ;  calcinm  sulphate,  and  especially  silica, 
making  up  the  rest. 

(b.)  **  Stalagmite  from  spring  Xo,  1." 

An  irregularly-shaped  mass,  gpranular  and  friable,  breaking  with  a  glistening  met- 
alloid fracture.  It  is  grayish  in  color,  with  tinge  of  yellow,  and  has  small  yellow  flakes 
on  one  surface  and  whitish  grains  of  efiiorescence  on  the  other.  The  flakes  are  pure 
sulphur ;  the  white  granules  are  sodium  sulphate  with  free  sulphuric  acid.  There  are 
no  sulphides  present. 

Sulphur 9fi8 

Silica 019 

Calcium  sulphate 007 

Acid  sodium  sulphate 006 

1.000 
(c.)  "  Spring  Xo.  1,  sides," 

In  general  aspect  similar  to  the  last,  but  faced  in  part  with  a  whitish  reticulation 
of  calcium  sulphate.    This,  on  analysis,  gave : 

Calcium  sulphate 720 

Sulphur 216 

Silica 0;i7 

Sodium  sulphate 020 


.  993 
(d.)  "  Spring  Xo,  1." 

A  cancellated  mass,  heavier  than  those  already  examined,  opaque,  creamy-white, 
and  with  a  crystalline  luster.    This  gave: 

Calcium  sulphate 859 

Sodium  sulphate 001 

Silica 019 

.Sulphur 095 

.974 
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Teu  grams  of  this  specimen  wore  operated  ou  for  the  sodinm,  and  in  the  extract  the 
presence  of  lithium  was  demonstrated. 

(v.)  "  Spi'huf  Xo,  1." 

Some  mineral  crusts,  contorted  and  irregular  in  shape,  but  generally  about  half  an 
iuch  thick,  consisting  of  several  layers  distinct  in  character — an  ash-gray  grannlar 
basement  with  a  lively  green  streak  between  it  and  an  overlying  dense  white  crystal- 
line layer,  which  last  is  faced  with  a  white  efflorescence.  A  taiut  only  of  sulphnr  is 
discoverable  in  this  specimen.  The  gray  is  granular  carbouatei  the  white  crystalline 
calcium  sulphate,  and  the  efflorescence  sodinm  sulphate.  The  green  layer  consists  of 
granular  cells,  the  cellular  structure  being  made  out  with  difficulty. 

The  sample  was  boiled  with  hydrochloric  acid  to  rid  it  of  mineral  matter.  Many 
minute  siliceous  particles,  elongated  and  rounded  at  the  ends,  are  imbedded  in  the 
organized  tissue ;  and  a  number  of  spores,  each  spherical  cell  tdW  of  an  inch  in  diam- 
eter, being  densely  filled  with  brown  granules,  are  seen  on  the  field.  FreqneuUy  two 
8uch  cells  are  inclosed  in  a  common  envelope,  forming  an  elongated  doable  spore,  the 
mother  cell  of  which  is  distinctly  seen  as  it  passes  across  the  sulcus  between  its  spher- 
oidal inclosnres.  In  some,  rnpture  of  the  parent  cell  under  pressure  of  the  thin  glass 
can  be  observed,  with  the  spores  in  the  act  of  escaping  from  its  folds. 

(/•)  "  Spring  Xo,  1,  pulpy,  Hver-Jike  matter  at  the  bottom," 

This  specimen  is  a  portion  of  a  tablet  about  half  an  inch  thick,  dark-brown  in  color, 
with  a  dull-greenish  admixture.  It  consists  of  a  series  of  horizontal  lamina?,  rough- 
ened with  microscopic  siliceous  particles.  In  fact,  on  a  superficial  examination,  it  looks 
as  if  a  number  of  leaves,  more  or  less  discolored  with  mud,  had  been  compressed  and 
dried  to  form  the  cake.  The  under  surface  is  rough,  dusted  over  with  fine  grannies  of 
sulphur,  and  pitted  and  pin-holed  as  if  by  gas  bubbles  which  had  been  conmied  by  the 
overlying  mass.  The  upper  surface  is  smooth  and  unbroken.  Twenty-six  per  cent  is 
organic  matter.  The  mineral  matter  consists  chiefly  of  the  elongated  siliceous  parti- 
cles seen  in  (e),  together  with  calcium  sulphate,  sodium  from  the  water,  and  a  notable 
proportion  of  iron  and  aluminium,  no  doubt  from  the  ash  of  the  organic  matter. 

Under  the  microscope,  the  sample,  after  soaking  in  water  for  twenty-fonr  hoars, 
shows  as  a  finely  granular,  greenish  membrane;  This  homogeneity  of  stractare  is 
best  seen  in  the  surface  layer,  which  is  less  studded  with  silica.  Portions  from  the 
deeper  layers  show  much  mineral  matter  and  many  spores,  such  as  were  seen  in  (e). 
Soaking  in  caustic  alkali  does  not  alter  the  microscopic  appearances. 

Hydrochloric  acid^  while  it  fails  to  clear  the  field  of  the  mineral  accretions,  shows 
the  spores  more  distinctly.  The  greenish  membrane  is  such  a  field  as  would  be  given 
by  the  drying  nnder  pressure  of  a  layer  of  fungus  cells. 

(g.)  Spring  Xo,  1.    "From  bottom." 

This  consists  of  a  thin  plate,  showing  three  layers  of  matter.  That  which  consti- 
tutes the  under  surface  is  a  delicate  film  of  minute  sulphur  granules,  pitted  and  pin- 
holed  as  in  the  last  specimen.  The  middle  layer,  one  line  in  thickness,  consists  of  the 
dark-brownish  folia  of  (/);  while  covering  the  surface  is  a  hard,  irregular  incrusta- 
tion varying  in  color  from  white  through  shades  of  rose  to  scarlet.  The  last  is  min- 
eral matter  imbedding  membranous  shreds,  which  gives  it  its  color.  The  membrane  is 
homogeneous  and  very  delicate ;  no  treatment  resolved  it  into  its  structural  elements. 
The  mineral  is  99  per  cent,  calcium  carbonate,  with  traces  of  calcium  sulphate,  mag- 
nesium, and  the  organic  matter.  The  purity  of  the  carbonate  and.  its  relation  to  the 
rose-red  membrane  are  suggestive  of  a  vital  connection  between  them. 

(h,)  "lYom  bottom  of  spring  Xo.  1." 

A  foliated  mass  like  (fL  but  with  less  of  brown  and  more  of  green  in  its  coloring, 
with  some  grains  of  sulphur  adhering  to  its  under  surface,  and  some  nodules  of 
calcium  carbonate  inlaid  on  its  upper,  apparently  by  the  same  agency  as  in  the  last 
specimen. 

(i.)  *^From  bottom  ^epottitsof  njmng  Xo,  1." 

Similar  to  the  last,  but  with  many  more  pits  ou  its  under  surface  from  confined  gas 
bubbles. 

(j.)  "Fire  specimens  from  npring  Xo.  2.'* 

These  are  all  crystalline  forms  of  calcium  sulphate,  three  having  large  interspicu- 
lar  spaces,  while  the  two  other  specimens  are  more  compact.  One  has  a  vein  of  lively 
green  running  through  it,  which,  on  microscopical  examination,  presents  the  charac- 
ters of  the  organic  matter  occurring  in  mass  foliaceous  specimens. 

(k.)  ''Spring  Xo.  5." 

A  block  3  inches  thick,  consisting  of  two  layers,  the  superficial,  constituting  two- 
tltirds  of  the  thickness,  being  cancellated  calcium  sulphate,  and  the  other  dark  col- 
ored calcium  carbonate,  with  traces  of  iron,  aluminum,  and  silicates. 
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(I.)  *' Spring  Xo.  5." 

A  large  mass,  10  inches  long,  4  inches  deep,  and  2  inches  thick,  consisting  on  its  outer 
^or  earthward  surface  of  calcianj  carbonate,  ash-gray  in  color,  mottled  with  dark  shades, 
but  principally  of  calcium  sulphate,  solid  in  its  deeper  layers  and  specular  towards  its 
superficies,  where  it  has  become  white  and  opaque,  partly  from  loss  of  water  and  iu 
paii;  from  sodium  efflorescence.  A  greenish  tinge,  faint  in  some  of  its  streaks  but  rich 
and  vivid  in  others,  permeates  the  interspicular  passages.  The  coloration  is  caused 
bv  the  presence  of  a  vegetable  fungus,  minute  rounded  cells,  like  those  of  the  yeast- 
pJant,  and  of  the  same  size.  As  the  green  tinge  is  frequently  continuous  with  or  lost 
in  the  darker  stains  of  the  deeper  layer,  it  is  probable  that  the  carbonaceous  remains 
of  previous  generations  of  the  lungus  contribute  to  the  darkening. 

In  view  of  the  similarity  in  the  appearance  of  these  green  stains  to  those  described 
as  occurring  in  the  crusts  of  (e),  ana  the  similarity  iu  the  microscopic  appearances  of 
the  latter  to  those  of  the  "  pulpy,  Uver-like  matter  "  of  the  dried  specimens  (/,  g,  /*, 
and  i),  it  is  not  unlikely  that  this  fungus  forms  the  essential  of  these  various  deposits. 

(m.)  '' Spring  Xo,  7," 

A  cake  eight  inches  square  by  one  inch  thick  of  porous  material  having  a  rose-red 
color.  The  mineral  matter  is  arranged  in  small  branching  modulated  columns,  none 
larger  than  one  line  in  diameter  and  the  majority  much  smaller.  Their  direction  is  up- 
-ward  from  the  attached  or  earthy  to  the  free  surface,  but  none  run  through  the  thick- 
ness of  the  cake  unconnected  by  branches,  transverse  bars  or  lamella  with  other  col- 
umns. The  intercolumnar  spaces  are  narrow,  being  usually  no  larger  than  the 
cliameter  of  the  columns,  and  their  general  direction  is  upward  through  the  thickness 
of  the  mass.  A  perpendicular  section  shows  a  reticulated  bony  framework  with  the 
meshes  chiefly  longitudinal.  A  horizontal  section  gives  a  series  of  roundish  interstices 
separated  by  bony  columns  and  lamella.  All  the  interstitial  cavities  are  lined  with  a 
delicate  reddish  membrane,  which,  when  in  single  fold,  gives  a  faint  color  to  the 
vrhite  underlying  mineral,  but  where  the  membrane  has  adhered  in  several  thicknesses 
in  drying  the  color  is  correspondingly  deeper.  On  the  surface  the  caie  is  a  layer  of 
organic  material,  scaly  and  brownish,  light  and  pulverulent,  which  adheres  to  the 
reddish  membrane  below. 

When  this  layer  is  cautiously  picked  off  the  surface,  apertures  leading  into  the  in- 
tercolumnar space  are  exposed. 

The  following  is  the  chemical  constitution  of  the  mass : 

Calcium  carbonate 964 

Organic  matter 022 

Silica ^ 004 

Sodium,  salts,  Slg 010 

1.000 

The  specimen  is  hard  and  comparatively  difficult  to  pulverize. 

The  red  membrane  is  granular,  and  the  carbonate  is  deposited  on  its  surface  la 
roundish  or  oblong  granules. 

No  reagents  develop  the  structural  element's  of  the  membrane. 

The  dried  organic  debris  on  the  surface  of  the  specimen  ^ives  no  information  under 
the  microscope.  A  large  number  of  diatoms  are  entangled  in  it.  The  general  appear- 
ance of  this  specimen,  the  relation  which  its  organic  bears  to  the  inorganic  portion, 
and  the  purity  of  the  carbonate  would  seem  to  indicate  that  there  is  some  coral  secret- 
ing polyp  under  examination  rather  than  a  deposition  or  crystalliz»tion  by  inorganic 
forces  from  the  waters  of  the  spring. 

The  investigation  of  this  specimen  throws  more  light  on  the  superficial  incrustatioa 
seen  in  (g), 

(n.)  '' Spring  Xo,  7 :' 

Ten  specimens  smaller  in  size  but  similar  in  other  respects  to  the  last. 

In  one  of  the  pieces  a  plate  of  calcium  carbonate  surmounts  the  columnar  growth. 
It  is  dense  and  hard  but  thin  as  a  sheet  of  writinjpr  paper.  On  its  surface  are  built  op 
alternate  layers  of  columnar  and  plate  work,  halt  a  dozen  such  layers  in  the  thickness 
of  half  an  inch,  suggestiug  that  the  polyp  or  secreting  organism,  nullipore,  perhaps,  on 
reaching  the  surface  of  the  water  by  upward  columnar  growth,  deposited  its  calcareous 
secretions  in  the  form  of  a  plate  level  with  the  surface  of  the  water  and  extended  by 
circumferential  accretions ;  a  rise  in  the  water  level  submerging  this  plate  gave  oppor- 
tunity for  an  upward  columnar  development  when  the  water  was  again  reached  and 
another  plate  formed. 

(o.)  ** Spring  Xo.  10,  one  of  the  outlets  of  spring  Xo.  1." 

A  fine  satiny  powder  of  pale  yellow  color,  looking,  but  for  its  color,  like  sulphate  of 
qninine. 

This  is  pure  sulphnr,  deposited  in  fine  silky  needles  and  fibers.    There  is  no  approach 
in  this  specimen  to  octahedral  crystallization. 
147  E 
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(p.)  ^^From  the  junction  of  waters  of  springs  Xos,  11  and  13;  the  top  of  this  specimen  trai 
dark  green,  with  several  bright  crimson  spots  when  taken  from  the  water,  soft  and  pulpy  J^ 

This  specimen  is  broken  into  fragments,  none  larger  than  a  pea,  and  consists  of  car- 
bonate and  ^ilphate  deposited  around  various  extraneous  matters  as  nuclei,  chiefly 
minute  fragments  of  recent  woody  tissue.  One  tubular  piece,  about  half  an  iuchloDg 
and  half  a  line  in  diameter  at  its  open  and  wider  end,  is,  from  its  segmentation,  sap- 
loosed  to  be  the  in  crusted  abdomen  of  an  insect.  There  are  also  present  some  dark 
green  and  brown  flakes  spotted  with  ciimson.  These  flakes,  although  apparently  like 
the  organic  foliations  already  described,  are  of  a  totally  different  structure.  Tbej 
consist  of  minute  filaments  with  an  infinity  of  bacteroid  rods  floating  among  them  as 
their  deltris.  The  red  spots  are  also  filamentous  webs.  There  is  here  a  low  form  of 
vegetable  life,  but  much  higher  in  the  scale  than  the  cellular  fungus  encountered  here- 
tofore. 

(q.)  ^^ From  junction  of  springs  Xos,  11  and  13;  from  deposits  at  bottom  atalagmites  of 
pulpy  matter  arise,  and  the  top  at  surface  of  water  spreads  into  thin  sheets,  as  per  sample.'^ 

This  iB  a  strong  lamella  of  calcium  carbonate,  thin  as  a  sheet  of  writing  paper,  cir- 
cular in  outline,  and  about  two  and  a  half  inches  in  diameter.  Its  surface  and  mar- 
gins are  marked  with  reddish  membranous  shreds  similar  to  those  seen  in  m  and  n.  It 
DO  doubt  represents  the  deposition  of  the  calcareous  secretion  when  the  zoophyte  reaches 
the  surface  of  the  water. 

(r.)  ^^From  bottom  of  spring  Xo.  17." 

A  large  mass  of  semi-translucent  grayish  arystals  which  in  some  parts  of  their  sur- 
face have  lost  water  and  become  opaque  and  friable. 

Anhydrous  calcium  sulphate 810 

Wattr 190 


1.000 
(s.)  ^* Deposit  at  spring  Xo.  16  and  beyond  for  120 /ee(." 

This  is  a  dry  dark-brown  or  blackish  cake,  thin,  flat,  and  apparently  bent  on  itself, so 
that  what  would  have  constituted  one  end  of  the  sample  in  \t»  natural  condition  is  now 
doubled  up  to  form  the  under  surface.  The  upper  surface  is  smooth  and  unbroken; 
the  lower  is  made  up  of  a  number  of  their  adhering  bands,  one  or  two  lines  broad,  bat 
their  mode  of  connection  with  the  more  compact  layer  above  cannot  be  made  out,  oq 
account  of  the  brittlenehs  of  the  specimen. 

Portions  were  soaked  for  twenty-four  hours  in  water,  hydrochloric  acid,  and  caustic 
alkali,  respectively,  and  were  examined  under  the  microscope,  when  the  bands  were 
found  to  consist  of  brownish  tubules.  The  mass  of  the  specimen  could  be  recognized 
as  including  three  layers,  the  lowest  being  dull  green  in  color,  the  central  reddish,  and 
the  superficial  bluish  green.  The  first  is  obscurely  cellular  and  filamentous  in  the 
water-soaked  specimen ;  and  while  the  acid  shows  the  filaments  clearly,  with  many 
bacteroid  rods  among  them  as  their  debns,  the  alkali  clears  up  the  interlyiug  cellular 
etructure.  The  central  or  reddish  stratum  is  granular  and  undefined  by  the  acid,  bat 
the  potash  resolves  it  into  tiers  of  oblong  and  slightly-curved  spores  with  some  minute 
tubules  delicately  and  closely  ringed.  The  bluish-green  stratum  consists  of  minute 
distinctly  double  outlined  filaments  or  tubules.  A  vast  number  of. diatoms  are  entan- 
gled in  these  tissues. 

(t.)  "  Mud  from  the  cold  sjn'ings.^* 

A  dry,  dark-colored,  irregularly-shaped,  clay-like  mass,  with  many  small  fragments 
of  recent  vegetable  matter  embedded  in  it.  No  sulphides  are  present.  The  following 
is  its  constitution : 

Calcium  carbonate 546 

Insoluble  clay  and  sand 250 

Organic  matter 120 

Moisture Or>'^ 

Caleium  sulphate 010 

Magnesium  carbonate OO-J 

Potassium  sulphate  and  traces  of  chloride 004 

Sulphur m 

Iron,  &c • 001 

l.OOO 

In  reviewing  these  specimens,  it  is  found  that  they  originate  from  the  water  of  the 
Bprlngs  either  in  deposition,  in  crystallization,  or  through  the  instrumentality  of  or- 
^aniolife. 

Sulphur  is  the  only  deposit.  It  is  fruitless  in  the  absence  of  data  to  speculate  on 
the  subterranean  reactions  which  result  in  the  impregnation  of  the  uprising  water  with 
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calcium  and  bicarbonate  and  salpbate,  sodium  8u1pbate,and  hydrogen  monosulphide ; 
but  when  the  current  reaches  an  exit  in  its  rocky  channel  where  the  only  pressure 
to  be  overcome  is  that  of  the  superincumbent  water  and  atmosphere,  the  changes 
iivhich  take  place  can  be  appreciated.  The  sulphuretted  gas  escapes,  and  escapes  the 
more  readily  owiujs  to  the  high  temperature  of  its  solvent.  It  rises  in  bubbles  to  the 
surface,  but  as  the  effervescence  is  limited  to  a  few  feet  near  the  center  of  spring  No. 
1,  the  fissure  of  inflow  in  the  bottom  of  the  rocky  basin  is  no  doubt  correspondingly 
liihited.  Most  of  the  sas  escapes  into  the  atmosphere,  to  be  diffused  and  decomposed  by 
it8  oxygen  ;  but  bubbles  form  on  the  surface,  which  are  wafted  to  the  sides,  ana  in  their 
progress  are  first  coated  with  a  film  of  solid  matter — deposited  sulphur  from  the  actiou 
of  the  air  on  the  contained  gas — ^and  then  so  heavily  loaded  by  coalescence  and  aggre- 

gation  that  they  sink  *and  form  a  sulphur  mass,  such  as  is  seen  in  specimen  (h),  or, 
avin^  been  swept  out  of  the  main  downward  current  of  deposited  sulphur,  they  settle 
on  and  become  embedded  iu  the  crystallizations  from  the  water  as  seen  in  (c)  and  (d). 
On  the  surface  of  the  sulphur  a  cellular  fungus  is  developed,  which,  in  the  recent  state, 
is  soft  and  pulpy  in  mass,  but  molecular  in  element,  for,  on  being  stirred,  it  becomes 
diffused  in  the  water,  and  subsequently  settles.  This  organism,  with  its  bright  green 
hues,  masks  the  real  nature  of  the  underlying  deposit ;  the  greater  portion  of  the  sul- 
phur is  necessarily  deposited  near  the  poiut  of  issue  of  the  water  iu  the  great  basin. 
Bat  as  the  outflow  therefrom  courses  through  its  undergrouud  channels  in  the  calca- 
reous rock,  the  gradually- decomposing  gas,  while  barely  tainting  the  crystallizatious, 
throws  down  sulphur  in  places  favorable  for  its  subsidence,  as  is  seen  in  the  crystalline 
needles  and  fibers  from  the  outlet  marked  as  Spring  No.  10. 

From  the  deposits  it  would  appear  that  there  is  no  communication  with  subterra- 
Dean  reservoirs  other  than  in  the  bottom  of  the  main  spring,  and  that  consequently 
the  other  springs  are  dependent  upon  it  for  their  water  supply.  Some  of  the  constit- 
uents of  the  deposits  are  accidental,  as  the  sodium  sulphate  which  exists  in  all  of  them 
io  small  quantity,  and  is  owing  to  the  evaporation  from  the  specimen  of  adhering  water 
which  contained  it.  Again,  in  the  specimen  (o)  the  iucrusted  lime  salts  are  undoubt- 
edly owing  not  to  crystallization  but  to  soakage  aud  subsequent  evaporation.  The  free 
acid  in  (b)  is  due  to  oxidatiou  changes  in  the  specimen  occurring  since  its  removal 
from  the  water. 

While  sulphur  is  the  only  deposit  and  is  concentrat'Cd  in  the  neighborhood  of  the 
primary  subterranean  outlet,  calcium  sulphate  is  the  only  crystallization,  and  is  dis- 
tributed along  the  whole  course  of  the  waters,  for  it  is  found  in  as  perfect  crystals  in 
spring  No.  17  as  in  No.  1.  Its  best  specimens  are  from  the  holes  or  basins  which  afford 
favorable  conditions  for  its  growth.  This  crystalline  lining  of  the  water  reservoirs  and 
courses  is  la  none  of  the  specimens  more  than  two  inches  thick,  and  is  fused  on  its  outer 
or  earthward  surface  with  calcium  carbonate,  showing  either  that  it  is  very  slow  in  its 
formation  or  that  the  springs  and  channels  are  of  recent  dat-e.  The  latter  supposition 
is  excluded  by  facts  which  will  be  mentioned  hereafter.  But  as  the  water  contains 
sach  a  small  quantity  of  calcium  sulphate,  one  part  in  six  thousand,  while  the  solubil- 
ity of  the  salt  is  put  as  high  as  one  to  a  few  hundreds,  the  occurrence  of  selenitic  crys- 
tallizations from  such  a  water  becomes  a  matter  for  investigation.  It  seemed  proba- 
ble that  some  of  the  other  constituents  exercised  a  precipitating  influence,  yet  certainly 
not  the  sodium  salt,  as  it  is  well  known  to  increase  the  solubility  of  calcium  suljiliate. 
To  throw  some  light  on  the  subject,  sodium  sulphate  was  added  to  a  solution  of  calcium 
bicarbonate  and  to  another  of  calcium  sulphate,  but  iu  neither  with  any  appannit  re- 
salt.  A  mixed  solution  of  the  two  calcium  salts  was  then  treated  with  pure  sodium 
eulphate,  and  at  the  end  of  twelve  hours  crystallization  was  seen  taking  place  at  the 
bottom  of  the  containing* vessel,  aud  depending  from  the  surface  of  the  liquid  adher- 
ing probably  to  floating  fibers  from  the  paper  through  which  the  solution  had  been 
filtered  prior  to  use.  At  the  end  of  twenty-four  hours  the  crystals,  having  inorea^^ed 
in  size  and  number,  were  removed.  They  showed  under  the  microscope  as  transparent 
rhombic  plates  and  oblique  elongated  prisms,  such  as  by  aggregation  constitute  the 
mass  of  the  selenitic  crystallizatious  from  the  springs.  The  transparent  crystals  were 
difficultly  soluble  in  water  acidulated  with  hydrochloric  acid,  eveu  when  boiled  there- 
^vith.  On  examination  the  calcium  of  the  original  solution  was  now  found  to  be  defi- 
cient in  the  mother- liquor,  and  markedly  present  in  the  solution  of  the  crystals,  in 
-which  sulphuric  acid  was  strongly  indicated.  Calcium  sulphate  was  therefore  inferred 
to  have  crystallized  out  of  a  solution  containing  in  addition  to  itself  calcium  bicarbo- 
nate and  sodium  sulphate.  Having  approximated  the  conditions  under  which  the 
crystallization  took  place,  a  further  experiment  wa^made  to  determine  at  the  expense 
of  which  salt  the  calcium  was  thrown  out.  Distilled  water  acidulated  with  sulphuric 
acid  was  digested  with  an  excess  of  calcium  carbonate.  Calcium  sulphate  was  formed 
ander  circumstances  favorable  for  its  solution,  and  bicarbonate  was  dissolved  by  the 
permeation  of  the  liquid  with  the  escaping  gas. 

The  solution  was  filtered  and  90  cubic  centimeters  were  found  to  contain  calcium, 
vhich  when  thrown  down  as  carbonate  weighed  294  grams,  and  which  when  in  solu- 
tion existed  in  the  proportion  of  .050  grams  carbonate  and  333  grams  sulphate.  Ninety^ 
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nine  cubic  ceDtiraetere  of  this  solution  were  placed  in  each  of  four  Oasks,  rt,  6,  c,  andJ^ 
and  to  each  was  adiled  10  cubic  centimeters  of  a  sodium  sulphate  solution,  coutaiDiDg, 
for  a,  300  grains;  b,  900  grains  ;  c,  1,800  grains;  cf,  3,GC0  grains;  so  that  each  100 cubic 
centimeters  of  water  contained  the  same  quantity  of  calcium  as  carbonate  and  snl- 
pfaate,  but  ditieriug  quantities  of  sodium  as  sulphate.  The  flasks  were  corked  to  pre- 
vent evaporation  and  were  set  aside.  Crystalline  precipitation  took  place  in  all, 
slowly,  as  in  the  preliminary  experiments.  At  the  end  of  three  days  the  calcium,  re- 
maining in  solution  was  estimated  in  a,  ft,  and  d.  One-half  of  c  was  devoted  to  thi» 
estimation,  while  the  other  half  was  evaporated  and  its  concentrated  solution  found 
to  be  free  from  alkaline  carbonate.  The  calcareous  film,  however,  contained  25  grams 
of  carbonate  as  it  existed  before  treatment  with  the  sodium  sulphate.  The  caTciaoi 
carbonate  was  therefore  inferred  to  hfive  been  similarly  acted  on  in  the  other  flask(<, 
giving  as  cause  for  the  precipitation  the  presence  of  bicarbonate  in  the  solution  and 
not  the  formation  of  sodium  carbonate  by  reaction  between  the  salts,  (a)  gave  .174 
grams  calcium  carbonate,  or  calcium  sufficient  to  furnish  the  solution  with  its  .050 
grams  of  carbonate  and  with  .16U  grams  of  sulphate,  giving  .l(i4  grams  as  the  quantity 
crystallized  ;  (&)  gave  .101  grams  of  carbonate,  or  the  equivalent  of  .050  grams  carbon- 
ate and  .070  grams  sulphate.  2C3  grams  of  the  latter  salt  having  crystallized ;  (r)  gave 
the  .050  grams  carbonate,  with  .071  sulphate,  .262  grams  of  the  sulphate  having  been 
precipitated ;  (d)  gave  the  carbonate  with  .098  grams  of  the  sulphate,  indicating  a  pre- 
cipitation of  .235  grams.  The  maximum  of  eflect  was  obtained  in  (2>),  an  excess  of 
Bodium  sulphate  exercising  a  solvent  action  on  the  crystals. 

The  deposits  which  result  from  the  development  of  organic  life  difter  in  ditierent 
parts  of  the  water-course.  >. 

In  the  main  spring  and  its  direct  effluents  is  found  one  of  the  lowest  forms  of  vege- 
tation, a  microscopic  fungus  developing  into  pulpy  layers,  several  inches  in  thickness, 
in  situations  where  there  is  the  necessarj'  quiet  for  favoring  its  growth,  as  in  (/),  (^), 
(/t),  and  (i),  and  permeating  the  crystalline  lining  of  the  basins  with  its  lively  green 
stains,  as  in  {e),  (j),  and  (?)•  In  the  main  spring  there  also  appears,  as  in  (^),  a  poly- 
poid secretion  of  calcium  carbonate,  which  meets  with  more  congenial  conditions  in 
spring  No.  7,  (m)  and  (n)«  along  the  channel  formed  by  the  junction  of  11  and  13  (q). 
It  is  probable  that  this  growth  is  more  active)  as  an  agent  for  obliterating  existing 
channels  than  the  sulphate  crystallization.  Spring  No.  8,  which  was  open  in  August, 
1877,  having  been  found  closed  in  December,  1878,  "  a  dampness  on  the  surface  and 
the  distinctive  red  character  "  alone  marking  the  site  of  the  former  cavity.  There  are 
no  phosphates  in  this  coraloid  carbonate.  In  the  channel  of  junction  of  11  and  13 
is  fonnd  a  low  form  of  water  plant,  coating  the  surface  of  the  mineral  deposit  with 
green  and  crimson,  as  the  lichen  incrusts  the  rock  ;  and  in  the  channel  of  18  and  19  is 
a  higher  grade  of  vegetable  life,  forming  the  black  deposit  described  by  Mr.  McCauley. 

It  is  manifest  that  temperature,  constituting,  as  it  were,  the  climate  of  the  springs, 
has  more  to  do  with  these  developments  than  the  chemical  constitntion  of  the  water. 
In  the  hotter  of  the  springs,  those  with  a  temperature  from  141*^  to  127°  Fah.,  the 
cellular  fungus  flourishes,  with  but  little  incroachment  on  its  territory  by  the  red- 
membraued  zoophyte  or  nullipore.  Where  the  water  has  a  temperature  ranging  from 
127^  to  101^  Fah.,  the  zoophyte  finds  its  favorable  conditions.  Nos.  7, 12,  It;,  and  17, 
where  the  corjilloid  secretions  are  most  marked,  have  temperatures,  respectively,  of 
lOP,  102^,  107^,  and  llO'^  Fah.  In  the  outflow  of  the  springs  on  the  southern  slope, 
with  a  hi^h  temperature,  the  lower  algie  are  predominant,  and  in  Id  and  19,  with  the 
comparatively  low  temperature  of  99-  Fah.,  decreased  still  more  in  outflow  channel, 
is  found  the  higher  form  of  this  aquatic  vegetation.  The  mud  of  the  cold  springs 
differs  from  the  hot-water  deposits  in  being  a  true  deposition  of  suspended  rock  detritus. 
In  their  waters  the  lowered  temperature  accounts  for  the  absence  of  the  organic  devel- 
opments which  characterize  those  of  the  hot  springs,  but  the  absence  of  a  selenitic 
lining  to  the  basins  is  indicative  of  a  different  constitution  to  the  contained  waters,  or 
at  least  of  such  a  dilution  of  the  sulphated  and  carbonated  waters  as  would  interfere 
with  crystalline  precipitation.  But,  on  the  other  hand,  the  presence  of  snlphur  in  the 
mud,  the  situation  of  the  basins  in  the  same  cretaceous  rock,  the  mound  or  crater-like 
elevation  on  which  they  are  placed,  together  with  the  existence  of  sulphuretted  springs 
on  Ojo  Frio  Creek,  suggest  a  certain  relationship  to  the  Great  Hot  Spring  and  a  more 
active  history  in  the  past  than  they  have  in  the  present.  If  these  nol^s  at  one  time 
contained,  as  seems  probable,  a  water  approximating  in  temperature  and  constitutiou 
to  that  of  spring  No.  1,  the  change  which  reduced  them  to  their  present  condition 
mnst  have  been  cataclysmic,  foi*  had  it  been  gradual  lowering  of  the  temperature  as 
the  connection  with  central  sources  of  supply  was  cut  ott',  would  have  given  favorable 
opportunity  for  the  filling  up  of  the  cavities  with  zoophytic  secretions,  and  their  site 
would  now  be  recognizable  only  by  the  distinctive  red  color  of  the  rock,  as  seen  in  the 
recent  closure  of  spring  No.  6.  At'Pagosa  it  would  appear,  from  a  consideration  of  the 
water  and  specimens  examined,  that  there  exists  a  fissure  of  limited  size  in  the  subja- 
cent imperpaeable  rocks,  through  which  water  wells  from  a  great  depth  into  a  deep 
and  narrow  crater-like  cavity  in  the  superficial  cretaceous  stratum.    The  water  makes 
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its  exit  from  below  with  insufficient  force  to  carry  it  clear  of  the  rim  of  the  cavity,  so 
that  it  has  to  find  an  outflow  through  the  permeable  surface  layer  into  the  San  Juan 
cut  by  channels  which  lie  at  no  great  depth,  as  they  are  tapped  in  several  places  by 
secondary  springs,  and  issue  at  the  present  time  on  a  plane  fsix  feet  higher  than  the 
surface-water  level.  Beneath  this  water  level  the  cretaceous  rock  is,  of  necessity, 
more  or  less  water-logged,  the  movement  being  percolative  and  unnoticed  to  the  river 
bottom  farther  down  tiie  stream,  or  through  water-worn  crevices,  such  as  lead  to  nota- 
ble exits  on  the  Ojo  Frio  Creek.  Some  small  channels  of  this  character  underlie  the 
gravel  bed  of  the  San  Juan  River,  crossing  it,  and  forming  the  shafts  of  supply  of  the 
cold  springs,  the  water  of  which  has  become  diluted  and  lowered  in  temperature  by 
surface  admixture. 

The  water  which  rises  from  the  depths  into  the  basin  of  the  main  spring  is  charged 
with  sulpheretted  gas,  which  is  immediately  disengaged  into  the  atmosphere,  or  decom- 
posed with  precipitation  of  sulphur  at  the  moment  of  its  contact  with  the  air.  Enough 
of  the  gas,  however,  remains  in  solution  to  carry  by  its  slow  oxidation  the  sulphur 
taint  wherever  the  water  is  distributed.  Its  solids,  amounting  to  about  1  pound  in 
!i^,  are  essentially  cal/sium  as  bicarbonate  and  sulphate  and  sodium  as  sulphate,  the 
latter  constituting  two-thirds  of  the  total  amount.  A  water  of  this  character  will  de- 
velop stalactites  under  favorable  conditions,  and  will  incrnst  foreign  bodies  by  soak- 
age  and  subsequent  evaporations;  but  the  only  change  which  will  occur  in  it  when 
uninfluenced  by  extraneous  forces  is  the  slow  depositions  in  crystalline  form  of  the 
calcium  sulphate.  All  other  deposits  apparent  in  the  water,  which  would  seem  to 
indicate  singularity  in  its  constitution,  are  due  not  to  the  presence  of  unusual  mineral 
substances  but  to  organic  developments.  This  report  might  with  propriety  close  here, 
as  the  geologic  history  of  the  springs  can  readily  be  constructed  from  what  has  been  said 
of  their  chemistry  and  topography.  But  as  a  misconception  is  current  with  regard  to 
them,  based  on  their  magnitude  and  singularity  and  on  a  misapprehension  of  the  na- 
ture of  their  deposits,  and  besides  as  much  popular  interest  attaches  to  them  in  view 
of  the  probable  standing  which  they  will  hereafter  assume  among  the  invalid  resort 
of  the  country,  a  few  words  explanatory  of  their  relation  to  their  past  and  present 
surroundings  may  not  be  out  of  place.  On  account  of  the  rapid  flUiug  up  of  the 
«wamps  to  the  southward  of  the  main  spring  by  deposition,  incrustation,  and  organic 
secretion,  the  cretaceous  rock  in  which  the  springs  are  situated  has  l>een  considered  as 
built  up  around  them  by  the  waters.  They  are  supposed  to  have  antedated  the  strat- 
um to  which  they  now  channel  their  wa^'  to  the  surface  water  level.  This  involves 
the  original  conflnement  of  theupspringing  water  in  a  basin  formed  by  the  surround- 
ing hills,  with  evaporation  from  the  surface  and  deposition  at  the  bottom,  until  the 
solid  stratum  obtained  a  level  at  least  as  high  as  that  which  it  now  possesses  on  the 
Tight  bank  of  the  San  Juan  River.  It  further  infers  the  construction,  by  the  same 
agency,  of  the  existing  cavity  of  the  main  spring  prior  to  the  advent  of  the  river  on  the 
surface  of  the  cretaceous  bed.  The  unknown  extent  of  this  calcium  stratum,  lost  as  it 
is  under  superincumbent  layers  on  the  north,  and  undefined  as  its  margins  are  in  all 
directions,  might  be  brought  forward  as  an  objection  to  this  theory  of  its  formation  ; 
but  to  controvert  the  hypothesis  requires  only  a  consideration  of  the  existing  basin  of 
spring  No.  1 ;  given  a  flow  of  water,  such  as  is  above  described,  from  the  deeper  layers 
of  the  earth^s  crust  into  the  bottom  of  an  inclosed  valley,  its  surface  would  rise  and 
spread  until  an  equable  water  level  was  established  by  evaporation.  After  this  was 
Accomplished  deposition  of  calcium  salts  woiild  goon,  layering  the  bottom  and  raising 
the  sui*face  until  the  m  a  tergo  was  neutralized,  or  until  an  outflow  was  reached  for  the 
now  concentrated  saline  waters  in  the  brim  of  the  containing  valley. 

In  the  former  case  consolidation  would  be  eflected  by  evaporation,  but  as  this 
agency  would  be  most  active  at  the  shallowest  part  of  the  basin,  the  deposition  would 
advance  from  the  circumference  to  the  center,  forming  a  saucer-like  calcium  bed 
around  the  inflow,  in  which  the  sodium  salt  would  concentrate  and  crystallize.  In 
the  latter  event,  inasmuch  as  evaporation  still  continued,  deposition  with  consequent 
elevation  of  the  bottom  would  drain  oft'  the  water  in  excess  of  its  inflow,  and  so  lessen 
the  size  of  the  saline  lake.  At  the  same  time  erosion,  by  deepening  the  outflow,  would 
contribute  to  the  withdrawal  of  the  waters  until  ultimately  the  transformation  of  the 
original  valley  into  a  stratum  of  calcareous  rock  with  a  lakelet  or  pond  overlying 
the  spring  would  be  effected.  If  subsequent  to  this  the  fresh  waters  of  the  San  Juan 
River  appeared  on  the  surface  of  the  calcareous  basin  at  its  upper  end,  their  tendency 
would  necessarily  have  been  towards  the  center  of  the  saucer-like  depres.siou  or  pond 
incorporating  its  upspringing  iuflow  as  a  subterranean  tributary,  and  utilizing  its  out- 
let for  their  farther  course.  The  springs  in  our  time  would  thus  well  up  in  the  cur- 
rent of  the  San  Juan  River.  But,  were  the  San  Juan  assumed,  on  account  of  some 
accidental  formation  of  the  calcareous  surface,  the  record  of  .which  is  now  lost,  to  have 
fitruck  the  outlet  of  the  pond  without  breaking  in  upon  its  cavity,  a  nearer  approach 
to  present  conditions  would  result ;  the  river  in  course  of  time,  by  deepening  its  chan- 
nel and  lowering  the  surface  water  level,  would  drain  that  portion  of  the  porous  rock 
which  lay  on  a  higher  plane ;  and  when  the  level  fell  lower  than  that  at  which  the 
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waters  of  the  spriug  were  preserved  by  their  vis  a  tergo,  the  saline  pond,  instead  of 
overflowing  and  seeking  the  river  by  its  snrface  channel,  would  penetrate  the  sides  of 
its  basin  and  reach  its  destination  by  underground  filtration.  Bat  in  this  event, 
although  the  spring  would  be  preserved,  isolated  from  the  river,  its  site  would  be  a 
deprebhion  on  the  cretaceous  eurface  instead  of  the  existing  prominence.  In  short,  by 
DO  assumption  can  the  mound  and  crater-like  rim  of  the  great  basin  be  made  to  ac- 
commodate themselves  to  a  theory  of  deposition  from  the  waters  now  therein  con- 
fined.   This  fact  is  even  more  patent  in  the  case  of  the  ColdT  Springs. 

That  the  same  forces  which  constructed  the  great  basin  were  concerned  in  their 
formation  will  readily  be  conceded  ;  but  on  the  low  mound  at  this  point  there  are  three 
cavities,  and  it  is  impossible  to  conceive  the  construction  of  their  common  elevation 
and  the  partitions  between  them  by  any  process  of  deposition. 

The  force  which  caused  the  elevation  and  gave  the  crater-like  rim  to  the  great  ba- 
sin must  have  been  one  which  acted  from  below.  The  cretaceous  rock  must  have 
existed  not  only  previous  to  the  advent  of  the  San  Juan  River,  but  previous  to  the 
irruption  of  the  sulphuretted  waters  from  the  underlying  strata — is  surface-level  as 
when  first  deposited  by  the  carbonated  waters  of  a  previous  era.  On  this  assumption 
the  history  which  led  to  the  present  status  of  the  springs  can  be  read  so  xdainly  as  to 
warrant  the  acceptance  of  the  assumption  as  a  demonstrated  fact. 

Granting,  then,  its  pre-existence  at  this  part  of  the  San  Juan  Valley,  the  next  step 
is  the  breaking  down  of  a  subjacent  barrier  and  the  entry  of  the  subterranean  waters 
into  the  porous  stratum,  under  a  pressure  from  below  which  suffices  to  water-log  the 
whole  thickness  of  the  stratnm.  The  water,  by  its  charge  of  free  carbon ic^acid,  is  en- 
abled to  attack  the  rock  and  channel  an  upward  course  toward  the  superficial  crust. 
The  action  is  most  vigorous  in  the  line  of  the  upward  currrent,  and  a  cavity  is  here 
formed.  Cavities  are  also  excavated  at  weak  pointa  in  the  neighborhood,  all  of  tbem, 
however,  being  situated  near  to  the  surface  of  the  rock,  as  here  the  disengaged  gas 
accumulates  and  is  most  efficient  as  a  solvent  of  the  chalk.  Thus  a  water-pocket  is 
formed  over  the  issue-point  of  the  spring,  from  which  channels  radiate  leading  to 
others,  notably  to  three  about  a  half  a  mile  south  of  the  main  pocket  the  cavities  en- 
large ;  the  steady  pressure  of  the  confined  gases  upheaves  the  thin  layer  of  crust  which 
covers  them,  until  a  break  occurs,  when  the  rush  of  escaping  gas  caves  in  the  roof  and 
the  springs  are  formed. 

The  surface  of  the  plain  has  been  altered  by  this  event.  At  the  main  spring,  where 
the  maximum  of  force  was  exerted,  is  found  an  abrupt  mound  or  mammiform  eleva- 
tion, with  a  break  in  the  continuity  of  its  rounded  apex,  crater-like  in  appearance, 
wherein  are  exposed  the  bubbling  waters.  In  addition  to  the  mound  there  is  a  slight 
upward  dislocation  of  the  stratum,  which  gives  the  surface  a  correspondingly  slight 
fall  in  all  directions  from  the  center  of  eruptions  until  it  is  lost  in  the  genersQ  level  of 
the  unafiected  part  of  the  plain  at  a  distance  of  two  or  three  hundred  yards  from  the 
crater. 

At  the  now  cold  springs,  which  are  situated  near  where  the  calcareous  stratum  is 
overlaid,  less  favorable  conditions  for  dislocation  are  found :  and  besides,  on  account 
of  their  distance  from  the  main  issue,  the  irruptive  force  has  been  less  powerful. 

It  is  unlikely  that  overflow  followed  the  opening  of  the  springs,  for  the  escape  of 
their  waters  would  have  repaired  the  inequality  of  level  by  calcareous  de)K)8ition, 
and  the  San  Juan  would  not  now  occupy  its  present  bed.  It  is  to  be  supposed,  there- 
fore, that  however  active  the  gaseous  disengagement  the  water  movement  was  slug- 
gish, being  solelv  by  ][>erco]ation  through  the  porous  rock  to  a  snrface  overflow,  perhaps 
where  the  Oio  ]^rio  now  rnns,  or  perhaps  beyond  this  at  a  site  long  since  obliterated 
by  the  establishment  of  more  direct  channels.  At  this  time  a  lime  sulphate  lining  to 
the  cavities,  fissures  of  upheaval,  and  channels  of  dissection  was  being  crystallized, 
Btrengthening  the  walls  of  the  water-courses  and  preserving  the  rock  from  disintegra- 
tion. The  line  of  least  resistance  in  the  cretaceous  bed  must  have  run  from  north  to 
south,  as  not  only  does  the  long  diameter  of  the  main  cavity  lie  in  this  direction,  but 
also  the  principal  fissures  of  upheaval.  They  extended  on  the  north  as  far  at  least  as 
the  present  river-bed  and  on  the  south  to  the  Cold  Springs.  On  the  northward  exten- 
sion the  formation  of  secondary  springs  was  aided  by  the  erosive  action  of  rain  to 
which  its  elevation  now  exposed  the  surface.  Whether  such  were  formed  on  the 
southward  extension  is  unknown,  as  the  record  is  obliterated. 

The  San  Juan  River,  on  its  appearance  on  the  scene,  followed  the  curved  line  of  low 
level  around  nearly  three  sides  of  the  eruptive  mound,  forming  its  horseshoe  bend.  As 
the  bottom  deepene<l  the  northern  extensions  from  the  spring  were  cut,  and  those 
issues  permitted  to  the  water  which  now  constitute  springs  Nos.  9  and  10.  These  nn- 
dergronnd  channels,  lined  with  solid  calcium  sulphate,  pre-existed  and  were  laid  open 
by  the  erosion  of  the  river.  Had  they  been  formed  by  percolation  aft«r  the  San  Juan 
cut  was  established  they  would  have  opened  nearer  the  present  surface-level.  Since 
that  time  they  have  continued  to  fiow  as  they  now  do,  being  prevented  from  sinking 
by  the  crystalline  lining  and  organic  deposits  and  from  being  occluded  by  zoophytic 
growth,  the  only  actively  constructive  agent  in  these  waters,  by  the  high  temperature 


APPENDIX   RR.  .    2345 

'wblcb  resnlts  from  their  direct  communications  with  the  main  spring.  The  selenite 
liDing  thns  antedates  the  period  when  the  river-bottom  was  6  feet  bieher  than  is  the 
preeent  surface.  As  the  river  turned  the  southern  aspect  of  the  mound,  the  southward 
extension  of  the  upheaval  fissures  which  supplied  the  springs  on  the  opposite  bank 
"were  broken  into  and  those  openings  were  reduced  to  their  present  status.  But  here, 
probably  on  account  of  thinness  ot  tbe  superficial  crust  and  somewhat  of  parallelism. 
in  tbe  lines  ot  direction  of  the  tiKsuresaiid  river- current,  the  San  Juan  appears  to  have 
t'tt'ected  more  surface  erosion  than  on  the  northern  aspect  of  the  mound.  There  has 
Leen  here  iuuudation  until  the  deepening  river-channel  withdrew,  the  waters,  leaving 
t  he  edge  of  the  calcareous  plain  much  lower  than  on  the  north,  and  a  pond  instead  of 
j>revious  subterranean  cavities  between  its  bed  and  the  main  spring.  The  pond,  fed 
l*y  the  cut  end  of  former  underground  channels,  now  the  springs  on  the  southern 
slope,  became  subsequently  filled  up  by  evaporative  deposition  to  its  present  condition 
of  swamp. 

Corresponding  with  the  deepening  of  the  San  Juan  River  channel  must  have  occurred, 
by  subsoil  movement  to  tbe  surface  water  level,  a  fall  in  the  waters  of  the  main  springs 
subsidiary  openings,  and  its  connecting  cavities ;  the  last  condition  yielding  at  the 
present  day  the  hollow  sound  when  the  surface  is  heavily  trod  upon :  at  the  same  time 
certain  high-planed  efiluents  of  the  main  spring  have  been  gradually  deprived  of  their 
-water  supply,  causing  slowness  of  current  and  lowering  of  temperature.  The  former 
result  permitted  the  formation  of  stalactical  masses  under  the  overhanging  edges  of 
the  river  cat;  and  the  latter  afforded  the  needful  climate  for  the  rapid  development 
of  the  polyps,  which  have  ultimately  obliterated  these  channels  and  the  pockets  con- 
nected therewith,  leaving  a  record  of  their  existence  as  coralline  rock.  The  porosity  of 
the  calcareous  stratum  necessarily  implies  this  variation  in  the  level  of  the  spring 
corresponding  with  the  fall  in  the  river  surface,  and  those  who  hold  that  the  sjiring 
level  is  higher  daring  the  month  of  June,  when  the  surface  water  level  is  raised  by 
enow  melting,  have  no  doubt  made  accurate  observations. 

Ch.  Smart, 
Caplahiaud  AnHhiani  Surgeon^  U.  S.  A. 

Fort  Preble.  Portland,  Mv.,  June  9,  1879. 
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ANNUAL  REPORT  OF  LIEUTENANT  C.  A.  STEDMAN,  ACTING 
ENGINEER  OFFICER,  FOR  THE  FISCAL  YEAR  ENDING 
JUNE  30, 1879. 

explorations  and  surveys  in  the  district  of  new  mexico. 

Headquarters  Department  of  the  Missouri, 

Office  of  the  Chief  Engineer, 
Fort  LewiSj  Colorado,  July  14,  1879. 

Sir  :  Since  forwarding  my  annual  report  I  have  received  a  report 
from  Lieut.  C.  A.  Stedman,  Ninth  Cavalry,  acting  engineer  oflBcer  Dis- 
trict of  New  Mexico,  of  the  operations  of  his  oflBce  during  the  past  year, 
and  I  inclose  herewith  the  greater  i)art  thereof  and  request  that  it  be 
annexed  to  my  prior  report. 

I  am,  sir,  very  respectfully,  your  obedient  servant, 

E.  H.   RUFFNER, 

First  Lieutenant  of  Fngineera. 
The  Chief  of  Engineers, 

United  States  Army. 


Headquarters  District  of  New  Mexico, 

Office  of  the  Acting  Engineer  Officer, 

Santa  /V,  N.  Mex.,  July  2,  1879. 

Sir  :  I  have  the  honor  to  forward  herewith  tables  exhibitiDf;  the  work  in  which  thi» 
office  has  been  engaged  daring  the  fiscal  year  ending  June  30,  1879.    It  will  be  seen 
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in  Table  A  that,  besides  the  asual  clerical  work  of  the  office,  twenty-eight  drawings  and 
twenty-fonr  tracings  have  been  made.  Twenty-one  of  the  drawings,  on  a  scale  of  1 
inch  to  4  four  feet,  were  "elevations  of  the  baildings  at  Fort  Marcy."  There  beinj^ 
no  reliable  data  concerning  their  dimensions  at  this  office,  it  was  necessary  to  take  aU 
the  measarements.  Reports  of  scouts,  amounting  to  9,32i6  miles,  have  been  received 
and  acted  upon  by  this  office,  as  shown  in  Table  B,  inclosed. 

Although  the  work  performed  by  the  troops  is  extensive,  it  is  to  be  regretted  that 
the  notes  taken  were  not  more  satisfactory ;  but  it  is  supposed  that  the  nature  of  the 
duty  connected  with  the  x^nncipal  number  of  scouts  prevented  a  strict  complianoe 
with  existing  orders. 

Sergeant  Maier,  Company  D,  Battalion  of  Engineers,  was  discharged  May  7, 1879, 
whereby  the  strength  of  the  engineer  detachment  in  this  district  was  exhausted. 

Besides  the  work  above  quoted,  I  have  been  engaged  for  a  month  and  a  half  in  the 
survey  of  a  military  reservation  for  a  new  post  near  El  Paso,  Texas. 

Oae  hundred  and  twenty  maps  have  been  issued  and  much  information  has  been 
furnished  to  travelers.  In  addition  I  inclose  copies  of  two  reports  of  1877,  the  origi- 
nals of  which  were  forwarded  to  the  acting  assistant  adjutant-general  District  of  New 
Mexico,  where  it  appears  they  were  retained. 

I  am,  sir,  very  respectfully,  your  obedient  servant, 

C.  A.  Stedmax, 
First  Lieutenant  Xinth  Cavalry ^ 
Acting  Engineer  Officer  District  of  New  Mexico. 

The  Chief  ExCtiNEER  Officer, 

Department  of  the  Missouri. 
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RECONNAISSANCE  FROM  SANTA  F£  TO  FORT  STANTON,  N.  M.,  BY  LIEIIT.  C. 
A.  STEDMAN,  ACTING  ENGINEER  OFFICER,  DISTRICT  OF  NEW  MEXICO. 

Headquarters  District  of  New  Mexico, 
Office  of  the  Acting  Engineer  Officer, 

Santa  F^y  Xeic  Alejrico,  August  11,  1877. 

Sir  :  In  coinpliaDce  with  letter  of  instructions  from  your  ofiSce  under  date  of  May 
Jl,  1S77,  I  have  the  honor  to  render  the  following  report  of  the  route  from  Santa  F^ 
New  Mexico,  to  Fort  Stanton,  via  Dow^s  Agency,  at  the  GalUnas  Mountains. 

Pursuant  to  paragraph  two,  S.  O.  No.  33,  current  series.  Headquarters  District  New 
Mexico,  I  left  Santa  F6  on  May  19,  accompanied  by  Private  E.  H.  Wilton,  general 
service  clerk,  of  my  office,  for  Galisteo,  New  Mexico,  en  route  to  Fort  Stanton,  New 
Mexico. 

Galisteo,  a  Mexican  town  of  about  four  hundred  and  fifty  inhabitants,  situated  on 
the  right  bank  of  the  Galisteo  Creek,  22.08  miles  due  south  of  Santa  F6,  is  the  first 
settlement  en  route  to  Fort  Stanton. 

The  road  between  the  two  towns,  an  excellent  mountain  one.  passes  ov^r  the  foot- 
hills of  the  Santa  Ffe  Mountains,  through  a  country  covered  with  scrub  cedar,  pinon, 
and  good  grass,  and  having  a  rapid  descent  toward  the  valley  of  the  Galisteo. 

The  forage  agency  at  Galisteo,  kept  by  a  Mr.  Davis,  was  found  to  afford  good  ac- 
commodations for  officers  and  men,  safe  corral  for  a  large  number  of  animals,  but  no 
stable  for  shelter.  Forage,  long  and  short,  was  of  good  quality.  Owing  to  the  numer- 
ous herds  of  cattle  and  sneep  of  the  inhabitants  of  the  town  the  grazing  in  its  vicinity 
for  2  miles  was  poor. 

Leaving  Galisteo  May  20, 1  proceeded  to  McAfee's  ranch  at  Antelope  Spring,  situated 
40.88  miles  west  of  south  from  Galisteo,  over  a  tine  natural  road  passing  over  a  rolling 
prairie  country,  sloping  toward  the  south,  and  which  may  be  considered  as  the  valley 
between  the  mountain  ranges  forming  part  of  the  eastern  shed  of  the  Rio  Grande  Val- 
ley on  the  west,  and  the  western  shed  of  the  Pecos  Valley  on  the  east. 

Grass  of  an  excellent  quality  (crow-foot  or  white  grama)  is  abundant  almost  the 
«ntire  route ;  but  the  country  is  entirely  destitute  of  wood,  and  almost  of  water. 

Twenty-six  miles  from  Galisteo  is  Stinking  Hole,  the  only  intermediate  point  on  the 
road  where  water  can  be  obtained.  It  is  situated  about  midway  of  a  belt,  some  three 
miles  wide,  of  alkali  country.  Two  small  holes  containing  water  of  bad  quality  were 
found  here.  I  was  subsequently  informed  that  this  water  was  permanent,  and  judging 
from  the  shallow  holes  and  the  evident  feeble  attempts  to  obtain  good  wells,  I  am  of 
the  opinion  that  water  in  abundance  and  of  fair  quality  could  be  procured  by  sinking 
deep  wells. 

As  the  water  holes  now  are,  sufficient  water  for  a  command  of  the  size  of  a  troop  of 
cavalry  could  not  be  obtained. 

The  country  from  Stinking  Hole  to  Antelope  Spring  is  a  continuation  of  rolling 
prairie  country,  with  fine  grass  and  entirely  destitute  oi  wood. 

McAfee's  ranch  is  in  a  bare  open  country,  close  by  the  spring,  (Antelope,)  which  is 
about  6  feet  in  diameter,  flows  copiously,  and  supplies  a  great  quantity  of  hard  water 
of  good  quality,  sufficient  for  a  large  command  and  many  animals. 

Tne  grazing  in  the  vicinity  of  McAfee's  was  poor,  the  grass  having  been  eaten  off 
by  cattle. 

The  country  is  entirely  destitute  of  wood.  The  people  of  the  ranch  have  to  go  some 
15  miles  for  their  wood. 

The  accommodations  at  McAfee's  forage  agency  were  very  inferior  both  for  man  and 
beast. 

Leaving  Antelope  Spring  on  the  morning  of  May  21, 1  proceeded  to  Dow's  agency, 
at  the  Gallinas  Mountains  via  Dow's  new  road. 

At  Antelope  Spring  no  guide  could  be  procured  to  accompany  me,  and  I  was  obliged 
to  proceed,  having  obtained  all  the  information  that  could  be  derived  from  Mr.  McAfee 
concerning  the  route  and  country. 

From  this  point  my  letter  of  instructions  required  that  odometer  measurement  should 
be  taken  via  Dow's  new  road  to  Jicarrilla  station.  In  making  these  measurements 
two  odometers  were  used,  from  which  a  mean  measurement  was  taken  as  the  true  one. 

Antelope  Spring  is  situated  on  the  northern  limit  of  an  extensive  basin  of  alkali 
country'  containing  many  alkali  and  salt  lakes. 

The  route  traversed  leaves  Antelope  Spring  over  the  Stanton  and  Antelope  Spring 
road  via  Las  Animas  and  Las  Posos  Pinosos,  extending  in  a  southeastern  direction 
for  18.86  miles,  when  it  branches  off  more  to  the  south,  leaving  the  old  road  t-o  the 
left. 

That  part  of  the  old  road  which  is  traveled  passes  over  an  alkali  flat  thickly  cov- 
ered with  sa^e  brush  for  11  miles  as  far  as  the  salt  lakes ;  it  then  meanders  througlrthe 
salt  lakes  (nine  in  number)  for  about  7  miles,  and  which  is  by  far  the  worst  part  of 
the  road  between  Antelope  Spring  and  Dow's  agency,  being  very  hilly,  and  the  soil  of 
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ature  as  to  be  very  dusty  aod  sandy  in  very  dry  weather,  and  slippery  and 
I  wet  seasons. 

road  leaves. the  old  road  1^  miles  after  passing  the  last  salt  lake,  and  passes 
h-south  easterly  direction  over  a  rolling,  open,  and  good  grass  country,  grade 

slightly  ascending  and  soil  good  for  roadway  for  about  7^  miles,  when  it 
vrer  u  low  ridge  to  high  rolling  prairie  of  sandy  soil.  From  this  point  for  7^ 
e  road  is  of  heavy  sand. 

razing  here  becomes  poor,  and  continues  so  till  within  about  three  miles  of 
^ency — that  is,  the  grazing  on  about  If  i  miles  of  Dow's  road  is  poor, 
lad  passes  over  the  high  rolling  prairie  above  referred  to  for  4.43  miles,  when  if 
0  descend,  and  passes  over  an  open  country  for  5|  miles.  The  aspect  of  the 
here  changes  and  cedar  brushes  abound,  and  one  mile  and  one- third  further  ou 
t)er.  The  country  again  becomes  open  and  level  prairie  for  about  a  mile,  when 
changes  and  the  road  passes  through  cedar  of  stunted  growth  and  pinion,  be- 
ee  from  sand,  and  taps  one-half  mile  from  Dow's  agency  an  old  road  which 
ween  the  latter  place  and  Alkali  Holes. 

red  at  Dow's  agency  at  4.05  p.  m.,  having  left  Antelope  Spring  6  a.  m.,  and  found 

ranch  consisted  of  a  small  log  shanty  of  one  room  only,  no  corral  for  protec- 

animals,  and  that  the  spring  (Gallinas)  was  one  and  a  half  mile  from  the 

p  a  narrow  and  rough  ravine  in  the  mountains,  to  which  the  mules  had  to  be 

0  water.  Grazing  in  the  immediate  vicinity  of  the  ranch  was  hue,  and  the 
heavily  wooded. 

capitulation  :  the  road  from  Antelope  Spring  to  Dow's  agency  is  by  odome- 
(urement  44.76  miles ;  1^.86  miles  of  this  distance  is  over  tne  Antelope  Spring,. 
OS  Pinosos,  and  Fort  Stanton  road.    The  entire  route  is  destitute  of  water 

1  be  used  for  man  or  beast ;  the  new  portion  of  road  (Dow's  trail)  25.90  milea 
ti,  ^patises  over  a  generally  rolling  country,  soil  of  which  is  more  or  less  sandy, 
vhich  7 1  miles  is  of  heavy  sand ;  grazing  is  poor  the  greater  part  of  the  way 
of  *25.90  miles)  and  there  is  no  wood  for  the  first  13  miles  after  leaving  the 
!S.  Dow's  road  is  not  sufficiently  broken  to  make  a  good  one  for  heavily  Toad- 
ns,  it  being  at  present  merely  a  wagon  trail  sufficiently  plain  to  be  easily  fol- 

Dow's  a:^ncy  on  the  morning  of  the  2*2d,  and  proceeded  to  Jicoiirilla,  or 
!k>n'8  station,  in  the  Jiccarilla  Mountains. 

»ad  leaves  Dow's  in  a  southeast  direction  and  passes  over  a  hilly,  mountain-    , 
I- wooded,  and  fine  grass  country,  till  it  takes  the  Antelope  Spring,  Los  Posob. 
and  Fort  Stanton  road  5^  miles  from  Dow's  agency^  whence  it  continues  on 
d  to  Jiccarilla  Station. 

lis  are  not  steep,  and  an  excellent  road  could  be  made  on  this  ^art  of  Dow's 
'rom  the  junction  of  the  two  roads  the  route  continues  ascending  through  a 
nous  country,  becoming  more  hilly  in  approaching  the  Jiccarilla  Mountains. 
I,  however,  are  not  steep  and  the  road  is  excellent,  and  is  of  good  grade  through- 
stance  from  Dow's  agency  to  Jiccarilla  station  by  odometer  measurement  is^ 
les,  five  and  a  half  of  which  are  over  Dow's  trail. 

itire  route  is  destitute  of  water.  I  was  informed  by  the  ambulance  driver  that 
I  miles  from  Dow's  and  about  three  and  a  half  to  the  right  and  west  of  road  up- 
of  the  Gallinas  Mountains  there  is  a  running  spring  of  water.  Ryan,  my  in- 
I  pointed  out  to  me  the  caQon  where  the  spring  could  be  found,  and  stated  that 
»een  at  the  spring  and  knew  of  its  existence. 

allinas  and  Jiccarilla  Mountains,  through  which  this  part  of  the  route  passes^ 
in  pine  timber  suitable  for  lumber  and  building  purposes, 
ilia  station  is  situated  in  Jiccarilla  cafion  and  six  and  a  half  miles  from  Jic- 
prinsc  on  which  the  station  people  have  to  depend  for  water  in  the  dry  season, 
oh  they  transport  to  the  ranch. 

vingston,  owner  of  the  ranch,  has  dammed  a  ravine  close  by  the  house,  by  which 
e  can  catch  water  sufficient  for  his  use  at  the  station  and  travel  oti  the  road 
he  rainy  part  of  the  year.  At  this  station  two  wells  have  been  dug,  one  lOd 
other  35  feet  deep,  but  water  has  not  been  reached  in  either,  and  work  on  thein 
1  suspended. 

ccarilla  Spring  discharges  about  two  barrels  per  day  in  ordinary  seasons,  but 
Iry  weather  its  discharge  becomes, reduced  to  twenty-five  gallons, 
ig  in  the  immediate  vicinity  of  the  station  is  poor,  but  some  distance  from 
long  the  mountains  fine  ''  mountain  "  or  *^  blue  grama"  can  be  found  in  abun- 

trage  agency  kept  by  Messrs.  Livingston  &  Winters  afibrds  good  safe  corral 
lie  for  a  small  number  of  animals,  but  no  accommodations  for  officers  or  men. 
tiou  would  not  be  selected  as  a  safe  camping-place,  as  it  is  in  a  cafion  ;  the 
ns  on  either  side  are  precipitous  and  heavily  timbered  (pine),  affording  excel- 
er  in  the  immediate  vicinity  for  an  enemy  ;  the  place  would  be  commanded  A 
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from  the  ^iirrouDdiDg  monDtaiDs,  aud  there  are  but  three  roads  over   which  wifoa 
could  le  taken,  aud  which  could  be  easily  obstructed  or  held  by  a  small  force. 

The  drive  made  on  the  *23d  of  May  was  from  Jiccarilla  station  to  Fort  StaDtoo.  Tb 
route  now  traveled  leaves  the  old  road  via  Jiccarilla  Spring  about  one •  quarter  i^t 
tnile  from  the  station,  and  leaving  it  to  the  right  est^uils  iu  a  .southeasterly  direcu» 
,87  mile,  when  it  rejoins  the  spring  road. 

The  road  continues  from  Jiccarilla  station  through  a  beavily-timbered  (piDe)aai 
mountainous  country  for  4^  miles  aud  ascending;  the  hills  are  of  good  grade,  boveTs, 
and  the  roadway  is  excellent.  The  road  there  begins  to  descend,  and  debouche«  isti 
the  valley  between  the  Jiccarilla  Mountains  in  the  west  and  the  Capitan  Mountaii^ia 
Che  east. 

As  the  road  leaves  the  Jiccarilla  Mountains  the  country  becomes  more  open  andtb 
road  passes  over  a  hilly  aud  rolling  country  from  this  to  Fort  Stanton. 

Patos  Spring,  by  odometer  measurement  11.15  miles  from  Jiccarilla  station  and 211S 
miles  from  Fort  Stanton,  is  a  small  running  spring  about  2  feet  deep  and  aboatrtfeet 
across  either  way,  the  water  of  which  was  very  nlthy,  made  so  by  sheep  and  hogi 
There  are  two  small  shanties  inhabited  by  Mexicans  close  by  the  spring. 

The  country  throughout  from  Patos  Spring  to  Fort  Stanton  is  a  fair  grazinc  ai^ 
/sparsely-wooded  country,  but  entirely  destitute  of  water  on  the  roads  as  far  as  t&  Eit 
fionito,  about  two  miles  from  Fort  Stanton. 

Resume  of  route  from  Santa  ¥6  to  Fort  Stanton,  N.  Mex.,  via  Dow's  trail.  Fn» 
$»anta  F<5  to  Galisteo,  22.08  miles;  good  road;  fair  8upi>1y  of  wood  and  grass;  m 
water. 

From  Galisteo  to  Antelope  Spring,  40.8H  miles,  fine  road ;  ^ood  grazing ;  no  wood 
and  no  water  except  at  Stinking  Hole,  25.88  miles  from  Galisteo  ;  quality  of  water  bad. 

From  Antelope  Spring  to  Dow's  agency,  Galliuas  Mountains,  44.7G  milea;  roadoTcr 
^ad  alkali  fiat,  salt  lakes  and  sandy  country  ;  grazing  for  greater  part  of  way  poor; 
<io  water,  and  wood  scarce  for  more  than  two-thirds  of  distance. 

From  Dow'S  ranch  to  Jiccarilla  station,  29.18  miles ;  road  good  tlirongh  moantaia- 
ous  country,  well  wooded  and  fine  grazing,  no  water. 

From  Jiccarilla  Station  to  Patos  Spring,  11.15  miles ;  road  good  through  a  moaDtais- 
ous  country,  well  timbered  ;  fair  grazing  on  top  of  mountaius,  no  water. 

From  Patos  Spring  to  Fort  Stanton,  21.1(3  miles;  fine  road  over  open  and  rollin; 
country;  wood  obtains  at  intervals;  grazing  fair,  no  water  between  Patos  Spring 
and  Rio  Bouito. 

Total  distance  from  Santa  F<S  to  Fort  Stanton  1G9  34  miles ;  4.86  miles  shorter  tlun 
^he  route  by  Los  Posos  Pinosos. 


FROM  FORT  STANTON  TO  FORT  SELDEX. 


The  transportation  by  which  I  was  to  go  to  Forts  Selden  and  Bayard  arrived  at  fori 
"Stanton  on  May  25. 

I  left  the  latter  post  May  27  for  Dowlin's  Mill  en  route  to  the  former  posts,  and  made 
the  following  drives  and  continued  the  odometer  measurements  : 

From  Fort  Stanton  to  Dowlin's  mill ;  distance  17.44  miles. 

From  Dowlin's  mill  to  Blazer's  mill ;  distance  16.74  miles. 

From  Blazer's  mill  to  Tulerosa;  distance  15.34  miles. 

Frem  Tulerosa  to  Shedd's  ranch ;  Distance  55.39  miles. 

From  Shedd's  ranch  to  Fort  Selden ;  distance  27.04  miles. 

My  letter  of  instructions  required  that  the  direct  road  from  Shedd's  ranch  to  Fori 
f^elden  should  be  measured  by  odometer.  This  was  carefully  done,  and  the  magoetie 
l>earing  of  road  taken. 

The  route  passes  first  over  the  Organ  Mountains  through  San  Augastine  Pass,  tlien 
over  an  open  country  between  the  latter  and  the  hills  near  and  east  of  Fort  Seldeo, 
then  around  these  to  Fort  Selden. 

In  detail,  the  road  extends  from  Shedd's  rauch  in  a  northwesterly  direction  for  3.41 
miles  up  a  rapidly-ascending  grade  to  Sau  Augustine  Pass  of  Organ  Mountaioa.  Tfa 
pass  proper  is  2.17  miles  in  length  and  is  an  excellent  road.  From  this  pass  the  ro*l 
debouches  into  the  valley  of  the  Rio  Grande  and  forks  on  the  west  side  5.6^  miles  froa 
Shedd's  ranch,  the  right-hand  road  leading  to  Fort  Selden,  the  middle  road  leading 
to  Donna  Anna,  and  the  left  band  road  leading  to  Los  Cruces.   . 

The  country  between  the  Organ  Mountains  and  the  hills  east  of  Selden  is  open  prairie, 
descending  for  about  7  miles  and  ascending  about  the  same  distance,  the  soil  of  wbieh 
is  sandy  for  the  first  part  and  clayey  for  the  second;  which  makes  the  roadway  bea^^j 
and  good  respectively.  This  part  of  the  route  could  be  shortened  somewhat,  as  tlw 
road  meanders  considerably  without  any  apparent  cause. 

The  roadway  becomes  very  sandy  after  it  leaves  the  hills  east  of  Selden,  and  fori 
miles  it  is  very  heavy.  It  then  passes  over  hard  ground,  but  becomes  rough  as  it  passM 
over  hills  and  ravines  till  within  a  short  distance  of  Fort  Selden. 
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There  is  no  water  along  the  route,  little  or  no  grazing,  and  grease  wood  and  sage- 
Xiriisb  the  only  wood. 

The  total  di!»rance  from  Shedd*s  ranch  to  Fort  Selden  was  found  to  be  27.04  miles-^ 
1.5^{  miles  iihorter  than  the  route  via  Donna  Anna. 

A  map,  scale  7Tp^.uij  or  4  miles  to  the  inch,  of  the  route  from  Santa  F<S  to  Fort  Selden, 
oonstructed  by  private  Wilton,  United  States  general  service,  accompanies  this  report. 
1  am^  sir,  very  respectfully,  your  obedient  servant, 

C.  A.  Stedman, 
First  Lieutenant  Ninth  Cavalry^  Acting  Engineer  Officer^  District  of  y.  M. 

The  Acting  Assistant  Adjutant- General, 

District  of  Xew  Mexico. 


HEPORT  ON  THE  NORTH  STAR  ROAD— FROM  FORT  BAYARD  TO  THE  CANON 
ON  THE  BLACK  RIVER- BY  LIEUTENANT  C.  A.  STEDMAN,  ACTING  ENGI- 
NEER OFFICER,  DISTRICT  OF  NEW  MEXICO. 

Headquabters  District  of  New  Mexico, 
Office  of  the  Acting  Engineer  Officer, 

Santa  fV,  N.  Mex.,  October  26,  1877. 

Slr  :  1  have  the  honor  to  submit  the  following  estimates  of  work  required  on  the 
North  Star  road  from  Fort  Bayard,  N.  Mex.,  as  far  as  the  north  side  of  the  Black 
Cafion,  to  make  it  a  passably  practicable  road,  called  for  by  my  letter  of  iustruotions 
from  your  office,  dated  May  11,  1877. 

The  estimates  are  tabulated  and  accompany  herewith,  but  to  cause  them  to  be  fully 
nnderstcod  a  brief  description  of  the  road  will  be  given  and  the  work  in  detail  de- 
scribed. 

The  road  extends  from  Fort  Bayard  in  a  northeasterly  direction  up  into  the  Mim- 
bres  Mountains  via  Santa  Rita  mines  and  for  18  miles  till  it  reaches  the  Mimbres  River, 
near  Magruder's  quartz  mill,  where  it  oasses  up  the  river  valley  for  about  six  miles  iu 
a  northerly  direction.  It  then  leaves  the  river  and  valley  and  passing  over  the  western 
slope  of  the  Mimbres  Mountains  in  a  northeasterly  direction  for  about  94  miles,  cross- 
ing in  that  distance  Willow  and  Bear  Creeks,  Black  Caiion  and  River,  Diamond  Creek, 
and  the  Gila  River,  and  over  much  very  rough,  hilly,  and  mountainous  country.    • 

It  then  bears  more  to  the  east  and  passes  to  the  east  of  the  Lucra  Mountains  and 
west  of  the  White  and  Moneca  Mountains,  debouches  into  the  Rio  Grande  Valley,  near 
Sabinal,  where  it  intersects  the  river  road. 

On  June  11  I  left  Fort  Bayard,  with  fifteen  days'  rations  for  my  party,  which  con- 
sisted of  Sergeant  Maier,  Company  D,  Battalion  of  Engineers;  Private  E.  H.  Wilton, 
gentral  service  clerk  attached  to  my  office;  and  an  escort  of  one  non-commissioned 
officer  and  tive  privates  Ninth  Cavalry,  and  one  escort  wagon  and  driver,  and  pro- 
ceeded to  the  Mimbres  River,  and  commenced  a  reconnaissance  of  the  North  Star 
road. 

My  letter  of  instructions  required : 

*'  To  examine  the  North  Star  road  as  far  as  the  cafion  on  the  Black  River.  • 

**  Yon  will  make  an  estimate,  and  forward  same  to  this  office,  of  the  labor  required 
to  repair  that  portion  of  the  road  reported  badly  damaged  by  Hoods  and  rendered  im- 
passable for  loaded  wagons.  If  the  road,  as  constructed,  is  too  near  the  bed  of  the 
stream,  you  will  endeavor  to  find  a  route  and  make  the  estimate  with  a  view  to  a 
Toad  that  can  resist  destruction  by  water.  You  will  also  examine  the  country  for  any 
practicable  route  leading  from  Ojo  Caliente  Indian  Agency  to  Fort  Bayard.'^ 

The  road  from  Fort  Bayard  to  Mimbres  River  passes  over  a  hilly  and  rough  country; 
l>nt  is  practicable,  and  with  some  repairs  could  be  made  a  good  road. 

From  the  Mimbres  River  to  the  cafion  of  Willow  Creek,  the  road  would  be  good  if 
much  traveled.  At  the  latter  place,  33  miles  from  Fort  Bayard,  the  first  really  bad 
road  and  obstacle  to  a  practicable  route  was  encountered.  The  road  crossed  a  deep 
•oaflon  at  a  place  known  as  Willow  Springs.  The  descent  into  the  cafion  is  made  over 
a  steep  hill  some  1,800  feet  long,  which  had  )>een  made  by  the  citizens  of  Grant  County 
in  1875.  The  roadway  was  part  excavation  and  part  embankment.  Water  had  acted 
on  the  latter  where  it  joined  the  former,  and  deep  and  dangerous  ruts  and  washouts 
were  the  consequents.    The  width  of  the  roadway  as  built  was  from  8  to  9  feet. 

On  June  13,  tnis  hill  was  leveled  and  the  grade  found  to  be  ()72|  feet  per  mile. 

Leveling  was  also  done  to  make  the  road  12  feet  wide,  and  entirely  of  excavation, 
and  from  data  taken  290  cubic  yards  of  earth  and  20  cubic  yards  of  rock  will  be  re- 
quired to  be  taken  out. 

Bear  Ca&on  hill  was  the  next  bad  road,  10.21  miles  from  Willow  Spring.  This  hill  is 
exceedingly  steep  and  much  washed  out,  the  roadway  having  been  made  of  part  ex- 
cavation and  part  embankment.    It  leads  down  into  a  deep,  narrow,  and  very  rocky 
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cafiOD.    The  hill  was  leveled  June  14,  and  the  grade  fonnd  to  be  .*'b2  feet  to  the  miif. 
and  the  hill  1,100  feet  in  length;  the  roadway  was  narrow. 

Data  were  taken  to  widen  the  roadway  4  feet,  to  be  eDtirely  of  excavatioD,  aed 
leveled  throughout,  from  which  340  cubic  yards  of  earth  excavation  will  be  required 

The  road  between  Willow  Spring  and  Bear  Canon  hill  is  hilly,  bat  in  it«  now  m- 
traveled  condition  may  be  considered  fair. 

Bear  Canon,  which  joins  Rocky  Cafion,  is  about  one-half  a  mile  loDg,  and  t-he  rod- 
way  through  it  was  fair  and  susceptible  of  being  made  j^ood  by  travel  over  it>  Tbt 
sides  of  the  canon  are  high  and  precipitous,  and  pine  of  considerable  &lze  abound  m 
abundance. 

Immediately  from  Bear  Cafion  extends  Rocky  CaQon,  which  is  narrow,  very  roagi 
and  rocky  ;  nine  thousand  five  hundred  feet  long  by  chain  measarement,  and  havicg 
a  small  creek  running  in  its  bed.  This  seemed  to  be  a  very  serioas  obstacle  to  a  prac- 
ticable route.  It  is  about  150  wide  at  its  (southern)  commencement  and  contiDoesoa 
an  average  about  that  width  fur  1,900  feet,  in  which  distance  the  road  extends  ahn^ 
and  crosses  the  creek  nine  times.  The  creek  abounds  in  larjze  rocks,  and  wherever 
the  road  passes  into  and  crosses  it  the  roadway  is  exceedingly  rough.  The  bills  oa 
either  side  are  steep,  from  250  to  300  feet  high,  and  covered' tvith  pine  and  pison 
timber. 

At  1,970  feet  the  road  enters  the  creek-bed  and  continued  in  it  for  180  feet;  tk 
cafion  here  is  about  15  feet  wide,  with  high  hills  on  either  side. 

From  2,150  feet  to  2,700  the  cafion  becomes  wider  and  the  roa<^  leaves  the  creek-bed, 
but  crosses  it  at  2,400,  2,500,  and  2,700  feet,  the  latter  a  bad  orossin^.  At  the  Utter 
crossing  the  oaHon  narrows  and  the  roadway  enters  the  creek  at  2,8a0  and  oodUqum 
in  it  for  700  feet.  This  part  of  the  road  is  very  rough,  immense  rocks  filling  the  creek- 
bed.  The  road  from  this  point  (3,000  feet )  runs  either  alongside  or  in  the  creek  to  3l,siS(> 
feet.    The  cafion  narrows,  and  the  hills  on  either  side  are  from  250  to  900  f^Mt  high. 

From  3,(^60  to  5,200  feet  the  cafion  becomes  more  open  and  the  road  better  m  it 
leaves  the  creek-bed ;  the  road  crosses  the  creek  at  4,200  feet.  4,3cl0  feet,  4,520  Iset, 
4,800  feet,  and  4,920  feet. 

From  5,200  to  5,500  feet  the  cafion  narrows  to  about  15  feet,  is  very  rough,  and  «s 
the  road  takes  to  the  creek-bed  is  correspondingly  so. 

From  5,500  feet  tlw  cafion  becomes  more  open,  and  the  road  leaving  the  creriL-b«d 
becomes  better  up  to  6,000  feet,  when  it  becouies  again  very  rongh  and  rocky ;  the 
cafion  narrows,  and  at  6,2:)5  feet  it  is  about  40  feet  wide. 

^t  6,235  feet  a  trail  leads  to  the  left,  which  taps  the  main  road  after  it  has  left  the 
rocky  cafion  and  passed  over  the  long  hill  at  the  north  end  of  the  ea&on,  and  which  it 
shorter  than  by  the  main  road. 

Rocky  Canon  from  6,235  feet,  the  point  of  intersection  with  the  trail,  oontiose« 
about  40  feet  wide  and  very  rough  and  rocky  to  6,730  feet.  Immense  bowlders  aihl 
rocks  here  fill  the  bed  of  the  creek,  over  which  the  road  passes.  The  road  then  ex- 
tends along  the  creek  for  170  feet,  when  it  again  entero  the  bed  of  the  creek  and  oon- 
tiunes  in  it  for  1,470  feet,  over  a  very  rough  and  rooky  roadway.  From  this  point  to 
the  end  of  the  cafion  the  road  becomes  less  rough,  crosses  the  creok*bed  at  8,960  sad 
8,080  feet,  and  at  9,100  feet  enters  the  creek- bed  and  continues  in  it  for  160  feet. 

The  road  leaves  the  cafion  at  9,500  feet  and  passes  over  a  steep  and  long  hill,  whicb 
in  places  is  much  washed  out,  and  requires  repair. 

Pine  of  considerable  size,  suitable  for  building  purposes,  abound  thronghoat  Rocky 
Cafion  and  surrounding  country. 

After  making  as  careful  a  reconnaissance  of  the  surrounding  country  as  practieabie 
in  the  time  spent  on  this  part  of  the  road,  and  reasoning  that  the  citizens  of  Grant 
County  would  not  have  adopted  the  line  of  route  taken  and  x^erformed  so  much  labor 
on  the  hill  on  the  north  side  of  cafion  without  previously  having  thorooghly  reo«o- 
noitered  the  country  for  a  more  practicable  way,  it  was  conoladed  to  keep  the  Rocky 
Cafion  as  the  line  of  the  road,  but  to  so  far  change  its  location  as  to  pat  a  road  ovtf 
the  trail  which  leaves  the  cafion  at  6,235  feet,  thereby  avoiding  theextensive  hill  at 
the  north-end  side  of  the  cafion,  besides  a  large  portion  of  the  ronghest  part  of  tht 
road,  and  shortening  the  distance. 

For  the  road  to  go  by  the  whole  length  of  Rocky  Cafion  the  following  work  woold 
be  required ;  distances  estimates  from  the  south  end  of  the  cafion : 

At  600  feet,  140  feet  of  road  would  have  to  be  built  on  the  side  of  hill  to  the  left. 

At  1,650  feet,  150  feet  of  road  built  on  the  side  of  the  bill  to  the  right. 

At  1,870  feet,  260  feet  of  the  road  to  be  built  on  the  side  of  hill  to  th«  right. 

At  2,700  feet,  1,160  feet  of  road  to  be  built  on  hill  to  left  of  creek-bed. 

At  .5,160  feet,  400'feet  of  road  to  be  built  on  side  of  hill  to  right  of  oreek. 
At  6,200  feet,  2,190  feet  of  road  to  be  built  on  side  of  hill  to  right  of  creek. 

Besides  the  changes  of  location  of  roadway,  bridges  would  be  required. 
For  the  road  to  ro  by  the  trail :    that  part  of  the  above  work  up  to  where  the  tnui 
comes  into  the  main  road  ;  after  which  a  road  would  have  to  be  constructed  up  a  roeky 
caf)0D  and  over  hills  at  a  proper  grade. 
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Data  were  taken  from  which  it  is  ascertained  that  the  route  via  the  Rocky  Caflou 
Tvill  require  the  excavation  of  12,600  cubic  yards  of  rock  and  3,700  cubic  yards  of 
earth,  the  grubbing  and  clearing  oC  2.13  acres,  and  the  construction  of  seven  bridges. 

The  roa<l  to  pass  over  the  trail  would  require  th^  excavation  of  7,600  cubic  yards  of 
rock  and  5,100  cubic  yards  of  earth,  2^  acres  of  grubbing  and  clearing,  and  the  build- 
infi,  of  ^onr  bridges  and  one  culvert. 

The  road  after  it  mounts  the  long  and  steep  hill  at  the  northern  end  of  Reeky  CaHon 
passes  over  a  rolling  and  well-wooded  country  ;  the  roadway  is  excellent,  and  with 
the  exception  of  a  short  part  of  country  which  becomes  boggy  in  the  wet  season  there 
18  no  obstacle  to  an  excellent  road  from  Rocky  Cafion  to  the  south  hill  of  Black  Cauon. 
Wood  and  water  are  abundant. 

The  Black  Canon  with  its  lateral  canons,  considered  as  one,  is  about  24-  miles  wide 
and  between  2,00f)  and  3,000  feet  deep.  The  road  passes  down  one  of  the  side  cafions 
over  a  hill  on  which  the  greater  part  of  the  work  done  by  the  citizens  of  Grant  County 
^vas  expended.  Here  the  roadway  was  made  as  all  of  them,  work  on  hills  of  part  ex- 
cavation and  part  embankment.  Much  was  done  in  this  way,  the  roadway  having 
been  cut  into  the  side-hill  for  about  5  feet ;  and  that  part  of  the  hill  worked  is  about 
2f  miles  long. 

Timbers  had  been  placed  on  the  lower  side  and  the  embankment  part  of  the  road 
filled  in  on  them. 

The  natural  slope  of  the  hills  on  which  the  roadway  was  built  is  very  steep,  which 
cansed  considerable  embankment,  and  as  the  foundation  thereof  is  in  many  places  of 
perishable  matter,  it  would  in  time  be  liable  to  slide  off  and  entirely  wash  away. 

The  road  winds  in  among  the  hills  and  has  several  sharp  turns,  which  require  much 
cutting  to  make  them  safe,  as  the  hill  is  very  steep  and  the  road  passes  on  the  edge  of 
the  cafiou,  where,  if  a  wagon  were  to  get  otf  of  the  roa<l  on  its  lower  side,  it  would  be 
precipitated  hundreds  of  feet  below,  or  dashed  into  the  tops  of  high  pines,  equally  as 
disastrons. 

The  road  as  now  built  was  finished  for  about  2^  miles,  where  work  was  suspended ;  and 
then  for  2,000  feet  from  the  foot  of  the  hill  it  has  been  laid  out  and  partially  worked, 
thus  leaving  a  stretch  of  about  2,400  feet  to  be  laid  out  and  bnilt. 

To  convey  some  idea  of  the  steep  grade  of  the  hill,  in  addition  to  the  brakes  of  the 
light  escort  wagon  with  my  party  being  put  on  their  fullest  capacity,  lariats  had  to  be 
fastened  to  the  wagon  and  all  available  men  of  the  escort  held  back  on  the  ropes  to 
prevent  a  too-rapid  descent  and  liability  of  ranning  off  into  the  canon  below. 

Much  of  the  road  was  badly  washed  out,  and,  the  logs  of  the  foundation  in  scrs'eral 
places  already  having  given  away,  it  will  soon  become  totally  impassable  for  wagons. 

From  the  place  where  the  work  had  been  suspended  the  temporary  road,  which  has 
been  traveled,  passes  down  a  hill,  which  is  entirely  unworked,  and  is  at  a  grade  of 
about  1  on  1,  or  at  an  angle  of  45^. 

That  part  of  the  work  which  commences  at  the  bottom  of  the  hill  and  has  been  laid 
cat  and  partially  worked  is  of  good  grade,  and,  if  completed,  will  be  the  best  portion 
of  the  road. 

On  June  15  leveling  was  done  to  find  an  approximate  average  grade  of  this  hill 
and  4,400  feet  chained,  which  included  the  lower  portion  of  the  road  already  laid  out 
and  that  portion  yet  to  be  laid  out  and  bnilt.  The  latter  was  laid  out  but  not  staked, 
and  data  taken  for  a  roadway  12  feet  wide  and  entirely  of  excavation. 

From  data  so  obtained,  estimates  of  work  required  to  build  the  road  on  the  portions 

yet  to  be  built  and  that  laid  out  and  partially  worked  have  been  made.    Estimates 

Jot  work  to  repair  the  upper  portion  of  the  hill,  to  widen  it  by  3  feet,  side  cutting 

and  widen  the  turns,  have  been  made,  but  from  a  reconnaissance  only,  no  instrumental 

measurements  having  been  taken. 

The  road,  after  entering  the  canon  proper,  crosses  the  Black  River  and  passes  down 
the  stream  for  about  three-quarters  of  a  mile,  crossing  it  four  times  again,  and  leaves 
the  canon  by  a  hill  nearly  as  long  and  as  steep  as  that  on  the  south  side  of  the  cafion. 
This  hill  had  been  worked  by  detachments  of  the  Ninth  Cavalry,  and  extensive  and 
good  work  had  been  done. 

The  roadway  is  entirely  an  excavation  and- 12  feet  wide.  After  two  years*  time,  and 
little  or  no  travel  over  it,  it  was  in*good  condition.  The  entire  road  as  staked  would 
be  about  1}  miles  in  length,  of  which  about  3,900  feet  are  complete,  leaving  2,700  feet 
still  to  be  built.  Th6  road  as  now  broken  leaves  the  complete  part  and  passes  up  a 
hill  to  the  top  of  the  mesa,  so  steep  as  to  be  almost  utterly  impassable  for  loaded  wagons. 

A  reconnaissance  of  the  road  to  be  built  was  made,  from  which  estimates  for  the  re- 
quired work  are  herewith  submitted,  together  with  those  of  the  route  to  this  point. 

My  letter  of  instructions  required  estimates  for  the  required  work  on  the  road  up  to 
this  point,  and  before  proceeding  further  with  the  report  of  the  tour  over  the  other 

Sarts  of  the  North  Star  road  and  the  intermediate  country  between  that  road  and  the 
:io  Grande  and  Ojo  Caliente  Indian  Agency  and  Fort  Bayard,  the  estimates  herewith 
submitted  will  be  explained. 
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While  at  Silver  City  I  obtained  all  the  information  I  could  gather  from  the  citizens 
concerning  the  work  done  by  them  and  others  of  Grant  Connty,  the  price  of  labor^  &c. 

Ascertaining  that  Mr.  C.  P.  Crawford  had  been  one  of  the  principal  men  concerned, 
T  applied  to  him  for  information,  and  he  subsequently  to  my  having  been  over  the 
United  States  road  furnished  me  with  the  subjoined  letter. 

The  estimates  submitted  have  been  made  on  a  basis  as  follows:  Daily  wages  of  com- 
mon laborers,  81.25  ;  daily  wages  of  blacksmiths  and  foremen,  ^i :  daily  cost  of  trans- 
portation at  the  current  prices  of  hire  at  Sante  F<5,  and  cost  of  tools,  &c.,  80  percent,  of 
the  wholesale  prices  at  same  place ;  a  day's  work  to  be  ten  hours  in  duration,  and  equiv- 
alent to  12  cubic  yards  per  man.  Cost  of  earth  excavation  per  cubic  yard,  3G  cents, 
and  cost  of  rock  excavation,  blasting,  <fcc.,  $1.25  per  cubic  yard.  The  bridges  to  be 
made  of  logs,  to  be  procured  near  their  respective  locations. 

The  estiuiatcs  are  only  approximate,  as  much  of  the  road  needs  more  or  less  repairs, 
the  obstacles  to  a  practicable  route  only  having  been  touched  upon. 

The  estimated  cost  as  given  is  undoubteilly  not  excessive  ;  and  the  cost  of  buildinjj 
and  making  the  entire  road  from  Fort  Bajard  to  Sabinal  "would  probably  cost  §!5,U00 
over  and  above  the  cost  of  road  south  of  Black  Cafion.* 

The  route  continues  on  from  the  Black  Canon  over  a  high  mesa,  the  sides  of  which, 
being  rough  and  precipitous,  cause  the  road  to  meander  considerably  from  its  general 
course  to  be  passable  for  wagons. 

With  the  exception  of  some  sand,  a  few  hills,  which  with  repair  could  be  made  good 
roadways,  the  road  is  very  good  to  Diamond  Creek,  13.91  miles  from  the  Black  River. 

After  reaching  Diamond  Creek,  the  road  extends  up  its  valley  for  about  two  miles, 
when  it  passes  over  the  divide  between  the  latter  creek  and  the  Rio  Gila,  and  passes 
up  that  river  for  about  three-quarters  of  a  mile  to  Camp  Vincent.  In  crossing  the  di- 
vide a  short,  very  steep,  hill  is  encountered,  known  as  the  "  Hog  Back;''  extensive 
cutting,  or  i)erhaps  a  change  of  location  of  the  road,  would  be  required  here  to  make  it 
a  practicable  route  for  wagons. 

The  location  of  that  part  of  the  road  on  the  Rio  Gila  should  be  changed,  which  would 
rt  quire  some  extensive  work,  as  the  hills  are  steep  and  considerable  cutting  wonld  be 
necessary.  The  road,  as  now  laid  out,  is  partly  in  the  river-bed,  and  as  the  Gila  is 
isubject  to  extensive  rises,  all  travel  would  be  blockaded  either  at  Camp  Vincent  or 
the  lower  crossing  of  the  river. 

From  Camp  Vincent  the  road  passes  over  a  rough  mountainous  country  and  through 
<leep  callous  for  13|  miles.  This  part  of  the  road  was  built  by  detachments  of  the 
Fifteenth  Infantry. 

There  are  fonr  hills  of  very  steep  grade  on  the  road  before  it  enters  the  Apache  or 
Sherman's  Canon.  After  it  enters  the  latter  the  road  is  an  excellent  one,  with  the  ex- 
ception of  a  mile  and  a  half  at  the  north  end  of  the  canon,  where  it  passes  through 
an  extensive  cienega  and  is  consequently  boggy. 

Much  corduroying  has  been  done  here,  and  more  is  required  to  make  it  a  safe  way 
for  heavily-loaded  wagons. 

From  Camp  Sherman,  situated  at  north  end  of  caflon,  to  the  point  where  the  road 
to  Ojo  Caliente  leaves  the  North  Star  road,  about  3^  miles  from  Paddy's  Holes,  the 
road  is  excellent,  passing  over  an  open  and  rolling  country. 

There  is  permanent  water  at  Shaw's  ranch,  12  miles  from  Camp  Sherman. 

The  road  from  Paddy's  Holes  to  Ojo  Caliente  Indian  Agency  is  a  good  moantaia 
one. 

Pursuant  to  my  letter  of  instructions,  of  June  17  to  20,  with  two  men,  I  made  a  re- 
connaissance of  the  country  between  Camp  Vincent,  on  the  Gila  River,  and  Ojo  Cali- 
ente Indian  Agency  in  search  of  a  practicable  route  from  the  latter  to  Fort  Bayard. 
Taking  the  trail  traveled  by  the  Southern  Apache  Indians  on  their  removal  to  Ari- 
zona from  their  reservation,  I  found  it  to  be  a  route  over  which  a  practicable  road  could 
be  built,  and,  judging  from  all  the  information  I  could  gather  from  officers  who  had 
scouted  over  that  and  country  still  east  and  south  of  that,  I  am  convinced  that  the 
trail  referred  to  would  be  the  shortest  practicable  route,  supposing  the  North  Star 
road  to  form  part  of  it. 

On  June  24  I  reached  Ojo  Caliente  with  my  entire  party,  having  traveled  via  North 
StAr  road  as  far  as  its  junction  with  the  old  Fort  Tulerosa  and  Ojo  Caliente  road, 
trhenoe  by  that  road  to  the  latter  place. 

By  odometer  measurements  the  route  as  traveled  was  126.82  miles. 

From  Fort  Bayard  to  Ojo  Caliente  via  North  Star  road  and  the  trail  referred  to  the 
distance  would  be  about  97  miles. 

As  my  letter  of  instructions  in  requiring  the  reconnaissance  for  a  practicable  route 
from  Fort  Bayard  to  Ojo  Caliente  Indian  Agency  did  not  confine  the  route  to  either 
side  of  the  Mimbres  Mountains,  I  determined  to  return  from  Ojo  Caliente  to  Fort 
Bayard  %o  tlhe  east  side. 

Leaving  Ojo  Caliente  June  25, 1  proceeded  en  route  to  Fort  Bayard  via  Canada  Ala- 
mosa, Cuchillo  Negro  Poloma«,  Cottonwood,  on  the  Rio  Grande,  and  the  Gavalan  Pass 
through  the  Mimbres  Mountains  to  Mimbres  River. 
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The  road  till  it  strikcH  tho  Rio  Grande  is  excellent,  after  which  it  ia  more  or  leas 
Bandy. 

The  road  now  most  traveled  from  the  Cotton  woods,  on  the  Rio  Grande,  to  Fort  Bayard 
and  Silver  City  leaves  the  Rio  Grande  a  short  distance  below  the  Cottonwood  Ranch 
and  passes  over  the  foot-hills  near  the  river,  over  the  northern  end  of  the  Goodsifj^ht 
Jioan tains  and  the  Little  Jornada,  between  the  latter  mountains  and  Cook's  Range, 
over  the  northern  point  of  the  latter  and  eastern  slope  of  the  Mimbres  Mountains, 
striking  the  Rio  Mimbres  at  Brockman's  mill,  which  is  about  10  miles  above  the  cross- 
ing^ of  the  same  by  the  mail-route. 

This  is  known  as  Brockman's  road.  June  27  I  left  Cottonwood,  on  the  Rio  Grande, 
TTith  the  intention  of  proceeding  by  this  route  to  the  Mimbres  River;  but  through 
mistake  took  a  blind  road,  which  led  to  Mule  Spring,  north  of  Cook's  Range,  and  into 
the  valley  of  the  Mimbres  River  through  the  Gavalan  Pass. 

There  was  no  road  through  the  latter^  and  it  was  with  great  difficulty  that  the 
escort  wagon  could  be  gotten  through. 

The  mistake  in  taking  the  route  via  Gavalan  Pass  was  perhaps  fortunate,  as  I  have 
been  assured  by  good  authority  that  if  a  road  could  be  put  through  the  Gavalan  Pass, 
a  good  straight  road  could  be  run  either  to  the  town  of  Polomas  or  the  head  of  the 
Polomas  River,  thereby  shortening  the  route  to  the  north  and  avoiding  the  sandy 
roads  near  the  Rio  Grande. 

Till  recently  the  trail  through  this  pass  and  direct  to  Polomas  River  was  a  mail- 
route  (pony  express). 

A  ro2id  could  be  built  through  the  Gavalan  Pass. 

On  June  30  I  returned  to  Fort  Bayard.  The  route  of  return  from  Ojo  Caliente  to 
Fort  Bayard  was,  by  odometer  measurement,  144.46  miles,  17.46  miles  longer  than  by 
the  North  Star  and  Tulerosa  and  Ojo  Caliente  roads,  and  47.46  miles  longer  than  by 
the  North  Star  road  and  Apache  trail. 

In  comparison  of  the  practicability  of  the  three  routes  between  Fort  Bayard  and  Ojo 
Calient'C  that  via  Brockman's  road  Cotton  woods  on  Rio  Grande,  Polomas,  and  Cafiada 
Alamosa  is  at  present  much  the  best,  as  it  is  a  thoroughly  broken  road. 

If  a  road  were  built  to  cross  the  eastern  slope  of  the  Mimbres  Mountains  Ihrongh 
the  Gavalan  Pass,  and  from  thence  as  direct  as  possible  to  the  town  of  Cafiada  Aut- 
mosa,  heading  the  intervening  streams,  it  would  probably  be  the  shortest  and  most 
practicable  route  that  could  be  selected  between  the  two  points. 

Either  route  via  the  North  Star  road  would  have  the  advantage  of  an  abundant 
supply  of  wood  and  water. 

The  route  east  of  the  Mimbres  Mountains  would  not  pass  through  so  well  a  wooded 
country,  but  would  have  an  ample  supply  of  wood  ana  water  for  practical  purposes. 
I  am,  sir,  very  respectfully,  your  obedient  servant, 

C.  A.  Stedmax, 
First  Lieutenant  9tk  Cavalry, 
Acting  Engineer  Officer,  District  of  N.  M. 

The  Acting  Assistant  Adjutant- General, 

District  of  Xeic  Mexico, 
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ANNUAL  EEPORT  OF  LIEUTENANT  EDWARD  MAGUIEE, 
CORPS  OF  ENGINEERS,  FOE 'THE  FISCAL  YEAR  ENDING 
JUNE  30,  1879. 

explokations  and  surveys  in  the  depaetment  of  dakota. 

Headquarteks  Department  of  Dakota, 

Chief  Engineer's  Office, 
Saint  Fatilj  Minn.^  July  1, 1879. 

General  :  I  liave  the  honor  to  submit  the  following  rei)ort  for  the 
fiscal  year  ending  June  30, 1879. 

The  engineer  detail  in  this  department  at  the  close  of  the  previous 
fiscal  year  consisted  of  myself  as  engineer  officer,  one  topographical  as- 
sistant, and  a  detachment  of  the  battalion  of  eugiueers  of  one  sergeant 
and  three  privates. 

On  August  23,  1878,  Sergeant  J.  E.  Wilson,  Company  D,  Battalion  of 
Engineers,  was  discharged  the  service  by  reason  of  expiration  of  term 
of  service,  and  was  immediately  re-enlisted  as*  topographical  assistant 
under  the  provisions  of  General  Orders  No.  62,  Headquarters  of  the 
Army,  Adjutant- General's  Office,  July  3,  1877. 

Private  Adolph  Goslin,  Company  A,  Battalion  of  Engineers,  was,  at 
his  o>vTi  request,  discharged  the  service  August  10,  1878,  per  Special 
Orders  No.  109,  Headquarters  of  the  Army,  series  of  1878.  He  was  ap- 
X>ointed  clerk  for  the  work  of  improving  Missouri  River  above  the  mouth 
of  Yellowstone,  but  has,  in  addition,  pei formed  the  major  part  of  the' 
clerical  duties  pertaining  to  this  office. 

Topographical  Assistant  Durage,  accompanied  by  two  privates,  left 
Saint  Paul  May  20,  1878,  en  route  to  Fort  Keogh,  Mont,  to  make  a  sur- 
vey of  the  reservation  of  that  post.    This  work  was  admirably  done. 

The  area  of  the  reservation  is  90.05  square  miles.  Of  these  12.25  fur- 
nished good  grazing,  12.09  are  adapted  to  cultivation,  and  the  timbered 
area  amounts  to  2.67  square  smiles.  Bad  lands  constitute  the  remain- 
ing portion  of  the  reservation. 

The  boundary  lines  of  the  reservation  were  carefully  run,  azimuth 
observations  having  been  taken  every  3  miles.  The  total  careful  chain- 
ing amounted  to  66  miles.    There  were  62  mounds  and  3  posts  erected. 

The  astronomical  work  consisted  of  144  observations  for  time  and  142 
for  latitude. 

The  survey  gives  the  following  results : 

Longitude,  Fort  Keogh,  105©  56'  53".08. 
Latitude,  Fort  Keogh,  46o  23'  11".648. 

with  probable  error  ±  0".97. 
Altitude,  Fort  Keogh,  2,511.09  feet. 

On  March  24, 1879,  a  tracing  of  the  map  of  the  reservation,  and  on 
April  24, 1879,  a  tracing  of  the  plan  of  Fort  Keogh  was  forwarded  to 
the  Chief  of  Engineers.  Sergeant  Durage's  report  is  forwarded  here- 
with. 
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As  stated  in  my  last  annual  report,  Lieutenant  HoflEinaii,  Eleventh  In 
fanti'y,  was,  upon  my  application,  dii^cted  to  make  a  re«ojinaissanee  <A 
the  Moreau  or  Owl  River,  Dakota..  He  left  Cheyenne  Agency  (now  Fon 
Bennett,  Dakota)  April  28,  1878,  returning  on  June  30,  1878.  A  cop^ 
of  his  report  and  a  tracing  of  the  map  of  his  reconnaissance  was  for 
warded  to  the  Chief  of  Engineers  on  March  24,  1879.  His  work  Ims 
been  incorporated  in  the  map  of  Dakota  issued  from  this  office. 

Acting  Assistant  Siugeon  Charles  E.  McChesney  was  ordered  to  re- 
port to  me  July  10, 1878,  to  collect  information  concerning  the  birds  and 
mammals  of  the  Big  Horn  region.  An  elaborate  and  valuable  report 
submitted  by  him  was  forwarded  to  the  Chief  of  Engineers  March  24, 
1879. 

On  August  28,  1878, 1  left  Saint  Paul,  in  charge  of  two  parties,  for    i 
the  survey  of  the  Yellowstone  River,  arriving  at  Fort  Keogh  Septem- 
ber G.    Having  started  th^  survey  of  the  Yellowstone  and  inspect^  the 
work  of  Topographical  Assistant  Durage,  I  left  Fort  Keogh  with  the 
whole  detachment  September  23,  to  proceed  overland  to  Fort  Buford. 

Starting  at  1  p.  m.,  we  encamped  on  Sunday  Creek,  a  tributary  of  the 
Yellowstone,  at  4.30  p.  m.,  after  a  march  of  9.6  miles.  The  next" day  we 
reached  Custer  Creek,  24.6  miles  farther  on.  The  road  traveled  was 
generally  poor,  but  one  portion  of  it,  called  "Butler's  Cut  Off,"  was 
very  difficult  of  j)ass^ge,  it  lying  in  a  stretch  of  bad  lands  about  4  mite 
in  width.  Between  Keogh  and  the  valley  of  Custer  Creek  the  land  Is 
poor.  The  grass  was  thin  and  of  poor  quality,  and  the  water  along  the 
whole  route  was  strongly  alkaline. 

The  valley  of  Custer  Creek,  however,  is  a  beautiful  one,  affording 
excellent  grazing  and  is  apparently  fertile.  The  stream  was  well  tim- 
bered and  the  water  good.  We  met  game  for  the  first  time  in  this  valley. 
Buffalo  and  deer  were  killed  within  a  mile  of  camp. 

After  leaving  Custer  Creek  the  next  day,  and  having  crossexl  a  narrow 
strip  of  bad  lands,  we  entered  a  fine  rolling  grazing  country,  stretching 
out  in  all  directions  as  far  as  the  eye  could  re3ch,the  streams  all  well  tim- 
bered and  the  landscape  dotted  here  and  therewith  the  diff'erent  varieties 
of*  game  common  to  that  region.  The  soil  was  a  good  black  loam.  With 
the  exception  of  the  drift  fragments,  the  argillaceous  sandstone  so  com- 
mon to  Dakota  and  Montana  was  the  only  variety  of  stone  seen.  At  our 
next  camp,  on  a  branch  of  Bad  Rcmte  Creek,  specimens  of  gypsum  and 
petrified  wood  contaiiung  beautiful  crystals  of  lime  were  found  in  pro- 
fusion. The  timber  there  was  scarce  and  the  valley  uninteixisting.  There 
was  but  little  water,  and  that  bad. 

This  valley  passed,  we  entered  a  rolling  country  again  similar  to  that 
mentioned  above.  A  few  hours'  ride  over  a  good  road  brought  us  to 
Bad  Boute  Creek,  a  beautifid  stream  of  excellent  water  fre<iuented  by 
ducks.  Two  green-winged  teal  Mere  killed  here,  and  proved  to  be  a 
delightful  addition  to  our  larder.  Buffalo  were  very  scarce,  those  we 
saw  being  old  bulls  j  but  antelope,  deer,  and  elk  were  seen  constantly. 

The  road  from  Bad  Route  Creek  winds  through  a  long  ravine  up  to  a 
broad  level  plateau,  where  excellent  grazing.is  to  be  found.  The  descent 
from  this  plateau  to  Clear  Creek  is  easy.  This  latter  creek  is  a  well- 
timbered  stream  of  sweet  water. 

From  this  valley  we  ascended  to  a  plateau  similar  to  the  one  we  pre- 
viously traversed,  and  finally  descended  to  the  valley  of  the  Yellowstone, 
at  the  mouth  of  Spring  Creek,  after  a  journey  of  32.3  miles. 

From  this  point  we  followed  the  bottom-lands  of  the  Yellowstone,  only 
occasionally  resorting  to  the  bench  to  avoid  a  marsh  or  thick  timber. 
Quite  a  number  of  wood-yards  and  ranches  were  passed,  and  this  portion 
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of  the  valley  i^ossessed  somewhat  of  a  civilized  aspect.  At  Crane's 
Ranch,  on  Crane  Creek,  we  halted  for  a  short  time  to  eat  some  fruit  and 
melons.  This  ranch  produces  com  (both  Dent  and  Ree  grown  without 
irrigation),  sugar-coni,  melons,  tomatoes,  beets,  cabbage,  turnips,  lettuce, 
peas,  and  particularly  fine  potatoes  and  onions.  Good  oats  are  raised. 
I  saw  in  several  instances  oats  which,  evidently  dropped  from  a  passing 
wagon,  had  sprung  up  and  matured  on  the  road.  The  hay,  of  course, 
is  fine.  Wheat  can  be  profitably  grown.  The  whole  extent  of  bottom- 
lands is  well  adapted  to  farming.  There  is  plenty  of  timber,  and  the 
creeks  are  running  streams  of  clear  sweet  water.  The  benches  and 
prairies  above  afford  the  best  of  grazing.  It  was  only  on  this  second 
overland  trip  that  I  was  enabled  to  fully  appreciate  the  value  of  the 
Yellowstone  valley.  Irrigation  can  be  achieved  without  a  great  expend- 
iture of  either  labor  or  money. 

On  September  9  we  arrived  at  the  ferry  opposite  Fort  Buford,  where 
we  took  the  stejimer  for  Bismarck. 

The  weather  had  been  propitious  and  the  journey  was,  all  things  con- 
sidered, an  interesting  and  enjoyable  one.  The  odometer  cart  was  driven 
the  whole  distance,  the  usual  compass  bearings  and  thermometric  and 
barometric  readings  being  taken.  Sextant  observations  for  time  and 
latitude  were  taken  whenever  the  weather  permitted. 

A  summary  table  of  altitudes,  latitudes,  longitudes,  &c.,  is  api>ended. 
A  tracing  of  the  map  was  forwarded  to  the  Chief  of  Engineers  on  March 
24,  1879,  and  the  work  has  been  incorporated  in  the  map  of  Montana 
issued  from  this  office. 

The  other  field-work  accomplished  during  the  year  was  the  rerunning 
of  the  northern  and  western  boundaries  of  the  Fort  Snelling  reserva- 
tion, a  detailed  and  elaborate  survey  of  the  portion  of  the  Snelling  res- 
4?rvation  and  occupied  by  the  Seventh  Infantry,  a  minute  survey  of  the 
site  of  department  headquarters  buildings  at  the  same  post,  and  the  lay- 
ing out  of  the  Snelling  bridge  highway  across  the  reservation. 

On  the  2d  of  June,  Topographical  Assistant  Wilson,  accompanied  by 
one  private,  left  Saint  Paul  en  route  to  Fort  Custer  to  make  surveys  of 
the  reservation  of  that  post,  of  the  small  reservation  near  Fort  C.  F. 
Smith,  and  of  the  cemetery  of  Custer's  battle-field.  Should  this  w  ork 
be  finished  in  time  to  permit  it,  the  Big  Horn  River  will  be  meandered 
with  transit  and  chain  to  connect  with  the  survey  of  the  Yellowstone 
liivor. 

On  June  18  I  w^as  ordered  to  insi)ect  and  report  upon  the  burning 
<5oal-fields  at  Fort  Stevenson.  This  duty  was  performed,  I  returning  to 
Saint  Paul  on  the  29tb. 

The  office-work  has  consisted  in  computing  and  plotting  the  field-notes, 
revising  and  correcting  the  maps  of  Dakota*  and  Montana,  and  such 
maps  as  were  sent  to  this  office  for  examination,  in  com]>iling  informa- 
tion concerning  the  new  posts  in  the  department,  in  making  numerous 
tracings  and  copies  of  reports  for  forwarding  and  for  file  in  this  office, 
in  compiling  tables  of  distances  for  the  Paymaster-General,  and  in  sup- 
|)l3ing  such  information  and  data  as  were  called  for. 
Very  respectfully,  your  obedient  servant, 

edw.  :^^AGUIRE, 

First  Lieutenant^  Corps  of  Engineers j  U.  S.  A. 
The  Chief  of  Engineers,  U.  S.  A. 
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REPORT  OF  SURVEY  OF  THE  MILITARY  RESERVATION  AT  FORT  KEOGH^ 
MONTANA,  BY  TOPOGRAPHICAL  ASSISTANT  JULIUS  J.  DURAGE. 

Headquarters  Department  op  Dakota,, 

Office  of  Chief  Engineer, 
Saint  Paul,  Minn,, . 


Sir  :  lu  obedience  to  orders  received  from  yoa  and  embodied  in  the  following  order  : 

[Special  Orders  No.  59.] 

"Headquarters  Department  of  Dakota, 

"  Saint  Paul,  Minn.,  May  16,  1878. 

"  4.  Lance  Sergeant  Jnlius  J.  Durage,  general  service,  and  Privates  Thomas  Culligau 
and  Albert  W.  Turner,  Company  A,  Battalion  of  Engineers,  will  proceed  to  Fort  Keo^h, 
Mont.,  and  make  the  survey  of  the  military  reservation  at  that  post,  under  the  direction 
of  the  chief  engineer  officer  of  the  department. 

"The  Quartermaster's  Department  will  fnrnish  the  necessary  transportation,  and 
the  Subsistence  Department  commutation  of  rations  for  Privates  Culligan  and  Turner, 
for  this  journey,  it  being  impracticable  to  carry  subsistence  in  kind. 

"  By  command  of  Brigadier-General  Terry 

"  George  D.  Ruggles, 
^'Affsistant  Adjutant-General,'^ 

and  in  accordance  with  your  special  letter  of  instructions  for  guidance  in  operations,  I 
have  the  honor  to  submit  the  following  report : 

I  left  Saint  Paul,  Minn.,  May  20,  1878,  provided  with  the  necessary  instruments  and 
material,  and  arrived  at  Fort  Keogh,  Mont.,  via  Bismarck  and  Fort  Buford,  Dak.,  on 
the  4th  of  June,  1878.  From  that  date  up  to  the  14th  of  June  I  was  debarred  by  con- 
tinual rain  and  hazy  nights  from  any  active  operations,  spending  the  scant  intervals 
of  fair  weather  in  taking  a  few  astronomical  observations  and  surveying  the  post  and 
constructing  a  plot  thereof.  On  the  16th  of  June  I  succeeded  in  determining  the  me- 
ridian and  magnetic  variation  at  the  post,  and  on  the  17th,  provided  with  a  complete 
-working  force,  escort,  and  camp-equipage,  I  started  for  the  mouth  of  the  Tongue  River^ 
whereat,  on  the  same  evening,  I  succeeded  in  determining  the  primary  azimuth  for  my 
survey.  The  waters  of  the  Yellowstone  and  Tongue  were  at  a  very  high  stage,  and 
there  were  no  means  of  crossing  the  river,  and  I  had  to  resort  to  a  complicated  method 
of  triangnlation  to  determine  the  intersection  of  the  mid-channels.  Having  ascer- 
tained this  point  I  established  a  bench-mark  south  of  the  Yellowstone  and  west  of  the 
Tongue  near  their  confluence  and  situated  1,410.8  feet  south  of  the  initial  point.  In- 
absence  of  stone  I  planted  a  post  8  feet  long  with  charred  butt,  five  feet  in  the  ground,^ 
and  marked:  "  Res.  Ft.  Keogh,  B.  M.  U.  S." 

Unable  to  cross  the  Yellowstone  I  determined  to  start  south  to  survey  a  base-line  10- 
miles  long  on  which  I  could  connect  the  boundary  lines.  This  line  proved  to  be  a  good 
check  for  my  survey.  The  two  men  of  the  engineer  detachment  were  employed,  one 
in  charge  of  the  chainmen,  keeping  tallies ;  the  other,  assisting  in  taking  bearings  with 
the  prismatic  compass  ana  noting  the  topography  of  the  country  passed  over.  From 
the  benchmark  the  line  runs  through  the  Yellowstone  Bottom  until  it  reaches,  at  11,944 
feet,  the  foo^-hills  of  the  Yellowstone  and  Tongue  divide,  running  out  in  a  point  here 
called  Cantonment  Butte.  These  blufiB  are  about  65  feet  high,  exhibiting  a  rough 
stony  face.  The  ground  is  sandy  loam  impregnated  with  alkali,  and  containing  a 
conglomerate  of  gravel  and  silicious  fragments.  The  line  ascends  the  crown  of  these 
bluffs,  crossing  numerous  ravines,  covered  with  large  bowlders  of  friable  sandstone. 

I  found  myself  surrounded  by  bad  lands.  Leaving  the  camp  party  to  move  up  the 
Tongne,  I  started  with  pack-mules,  the  pnly  mode  to  pass  over  this  country,  to  survey 
the  base-line  further.  There  is  no  variety  in  this  country;  the  same  broken,  rough  sur- 
face covered  with  spare  grass,  impassable  for  wagons  and  difficult  for  animals.  At 
20,312  feet  I  found  a  spring  on  the  summit  of  a  moderate  hill,  which  the  hands  of  man 
have  been  improving,  unquestionably  Indians.  The  water  was  good.  West  of  the 
line,  dry  drains  lead  towards  the  Yellowstone,  east  towards  the  Tongue.  At  22,180  feet 
I  hstd  to  cross  a  good  sized  hill ;  two  large  protrusions  on  the  summit  suggested  the 
name  of  '^Camelshump.''  Continuing  through  this  broken  country  I  arrived  at  the 
interior  edge  of  these  hills.  They  slope  down  into  a  beautiful  grassy  plain,  about  H 
miles  long  and  the  same  width.  But  even  this  inviting  sight  was  destined  to  disap- 
point our  expectations  for  easier  progress.    Many  furrows  and  gullies  made  our  prog- 
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ress  very  slow.  At  36,500  feet  the  line  passes  numeroas  little  ponds,  calle^l  here  t^ 
lakes,  fed  by  springs  with  good  water.  They  are  permanent  and  the  heads  of  a  drr 
creek  running  northwest  to  the  Yellowstone.  Passing  from  this  plain  soath  we  stnick 
bad  lands  again,  making  our  work  very  hard. 

On  the  21st  day  of  Jaue  I  reached  the  end  of  the  base-line,  erected  a  monnment  of 
large  stones,  and  proceeded  to  snrvey  the  portion  of  the  southern  boandary  line  \fia% 
between  this  point  and  Ton^e  River. 

At  a  distance  of  1,200  feet  I  ascended  the  summit  of  a  butte  about  130  feet  high  ud 
established  a  monument  H  feet  high  to  serve  as  a  guide  in  connecting  the  southern 
boundary  lines.  Descending  the  hill  I  passed  into  a  valley  cut  np  by  many  drains, 
which  connect  in  a  distance  of  about  a  mile,  turn  to  the  east,  and  terminate  in  a  cavity 
about  20  feet  deep,  at  the  bottom  of  which  I  found  a  spring  with  good,  cold  water. 

The  boundary  line  passes  over  this  broken  country,  thence  along  the  base  of  a  low 
chain  drawing  slightly  from  northwest  to  southeast.  On  the  most  prominent  poiatsi 
established  mounds  of  rock  fragments,  as  at  4,500,  9,400,  13,400,  17,647,  and  22,900  feet 
from  the  terminus  and  east  of  the  base-line.  At  9,400  feet  drains  run  in  a  southerly 
direction,  cutting  deep  furrows  in  the  ground  towards  a  creek  rnnning  nearly  parallel 
with  the  boundary. 

The  water  in  this  creek  is  running,  and  has  a  very  strong  alkaline  t^iste.  On  the 
whole  route  south  no  other  vegetation  presented  itself  to  mj  eyes  than  wild  prairlA 
grass  mixed  with  sage  brush.  The  latter  grass  grows  to  a  considerable  height,  and  is 
culled  commonly,  greasewood. 

At  24,731  feet  1  reached  the  edge  of  the  Tongue  River  bluffs,  about  40  feet  high  and 
very  steep,  I  erected  there  a  pole  18  feet  high,  and  descended  to  the  grassy  bottom. 

The  banks  of  the  river  are  lined  with  tall  cottonwood,  and  the  grass  is,  on  some 
points,  waist-high.   The  river  bank  is  25,241  feet  from  the  terminus  of  the  base-line. 

Fearing  that  the  rapid  current,  here  tearing  large  portions  of  the  bank  down,  wonM 
destroy  any  mark  put  in  close  proximity  I  chained  back  60  feet  from  the  bank,  and 
in  a  safe  place  erected  a  post  20  inches  in  diameter  and  marked  it  **  S.  B.  Ft.  Keogfa, 
Res.  II.  S.''  This  post  is  about  6^  feet  north  of  a  stake  planted  there  by  Liente:iaiit 
Low,  Twentieth  Infantry,  and  intended  to  serve  as  a  mark  for  the  sonthem  boundary 
of  Fort  Keogh  Reservation. 

Returning  thence  to  the  post  to  attempt  a  crossing  of  the  Yellowstone,  and  tosnrvej 
the  northern  boundary  of  the  reservation,  I  found  the  river  at  the  same  st>age  of  hieh 
water,  and  had  to  await  the  arrival  of  a  steamboat  to  cross  my  party  to  the  north  side 
of  the  river.  In  the  mean  time,  employing  the  small  boat,  I  triangulated  alineacron 
the  river  due  west  of  benchmark  3,9.'?7  feet,  thence  surveyed  1,410.8  feet  doe  north,  to 
obtain  a  starting  point  for  the  northern  boundary.  Running  back  east  1,800  feet  of 
this  point,  I  erected  a  monument  for  reference  on  the  face  of  a  hill  nearly  north  of  the 
lower  ferry.  On  the  arrival  of  the  steamer  Genl.  D.  H.  Rucker,  the  party  wasdaW 
crossed,  and  I  continued  on  the  same  day  to  survey  the  northern  boundary.  Throai^n 
the  footlands  of  low  hills,  extending  here  nearly  to  the  brow  of  the  river  bluffs,  we 
crossed  the  Bozeman  mail  route,  and  passed  over  a  considerable  platx^a  lying  between 
the  Yellowstone  and  Sunday  Creek.  There  is  an  abundance  of  short  prairie  grass  on 
this  plain.  The  southern  edge  is  cut  by  many  coulies  leading  towards  the  Yellowstone^ 
At  6,4H7  feet  a  dry  creek  runs  south  across  the  line,  and  following  its  bed  for  aboat 
1,700  feet,  I  found  a  beautiful  permanent  spring  bubbling  up  through  the  sand.  The 
water  was  excellent,  and  I  called  this  creek  for  reference  Spring  Creek.  At  ll,9f?7 
feet  the  Bozeman  road  again  crosses  the  line  to  the  south.  At  17,987  another  dry  creek 
runs  south,  and  4,200  feet  below  this  point  we  found  springs  in  the  creek -bed  with 
water  tasting  strongly  of  alkali,  and  called  it  Bitter  Creek.  The  mouth  of  this  creek 
is  near  a  place  on  the  Yellowssone  River  called  Wolf  Point.  At  about  26,500  feet,  the 
plain  abruptly  terminates,  and  the  ground  changes  there  to  a  conglomeration  of  bad 
lands,  through  which  I  had  to  pass  with  considerable  suffering,  no  water  to  be  found, 
the  thermometer  standing  at  96^  above  zero.  Through  these  bad  lands  the  line  rans 
until  it  reaches  the  slopes  of  the  north  side  of  a  high  butte,  which  I  called  Mounment 
Hill,  and  which  crosses  the  northern  and  western  boundary  at  right  angles.  North  of 
this,  surrounded  by  hills  and  formiug  a  kettle,  lies  the  northwestern  comer  of  the 
reservation.  I  erected  a  monument  there,  and  marked  it  "  N.  W.  C,  Ft.  Keogh  Res.  U. 
S."  Running  this  line,  I  put  up  mounds  at  4,6^,  8,500,  12,987,  15,387,  17,987,  21,3S7, 
26,487,  and  29,933  feet. 

From  the  northwest  corner,  proceeding  south,  the  line  crosses  the  high  ridge  men- 
tioned already  and  called  Monument  Hill.  At  750  feet,  and  on  top  of  this  hill.  I 
erected  a  monument,  thence,  through  a  series  of  bad  lands,  passing  many  low  buttes, 
on  which  the  action  of  waters  have  laid  bare  the  deposits  of  former  periods.  Strata  of 
coal  formation  are  visible  on  the  faces  of  these  hills.  Eleven  thousand  one  hundred 
feet  from  northwest  corner  the  line  leaves  the  bad  lands  and  descends  to  the  fertile 
bottom  of  the  Yellowstone  River.  Crossing  several  roads,  the  line  passes  near  a  squat- 
ter's house,  and  to  the  right  (west)  of  the  third  cottonwood  tree  from  the  sqnatteri 
stable,  within  18  inches  of  its  butt-end,  at  a  distance  of  21/J8G  feet  from  northwest 
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comer.  This  tree  is  marked  east  with  a  long  blaze,  and  west,  nearest  the  line,  with 
three  notches.  The  river  bank  is  in  close  proximity  and  at  a  distance  of  22,:{4H  feet  from 
northwest  comer.  Monnds  were  put  up  at  4,500,  9,300,  11,100, 16,000,  and  19,558  feet 
from  northwest  corner.  The  river  here  is  very  narrow  and  close  to  the  boundary. 
There  is  an  island  called  Confidence  Island,  covered  with  willow  and  high  growth  of 
Cottonwood.  The  banks  of  the  Yellowstone  are  lined  with  high  cotton  wood  timber. 
The  blnifs  on  the  southern  bank  at  this  point  come  close  to  the  river  and  are  very  steep. 
The  ravines  of  these  bluffs  contain  great  qnautities  of  cedar  and  some  pine.  1  called 
this  point  Cedar  Bluit's.  On  the  lower  point  of  the  island  are  rapids  of  considerable 
force,  and  I  saw  steamboats  laboring  for  hoars  to  overcome  the  current. 

To  continue  the  survey  south  of  tne  Yellowstone  I  had  to  wait  until  the  2d  of  July, 
on  which  date,  the  new  ferry  being  completed,  I  crossed  south  of  the  river,  and  thence, 
delaying  at  the  post  for  supplies,  I  started  for  the  point  where  I  left  otf.  To  reach 
this  point  I  had  to  cross  the  bad  lands  situated  in  the  western  portion  of  the  reserva- 
tion and  south  of  the  Yellowstone.  A  new  road  has  been  constructed  through  these 
bad-lands  to  connect  the  two  posts,  Fort  Keogh  and  Fort  Custer,  by  a  shorter  route 
than  the  one  north  of  the  Yellowstone,  but  the  obstacles  to  be  overcome  in  these  bad 
lands  are  too  great  to  make  this  route  advisable  for  travel  in  bad  weather.  Damaging 
all  the  wagons  in  the  attempt  to  cross,  I  had  to  return  to  the  post  to  obtain  pack- 
mules,  and  leaving  the  camp  on  the  banks  of  the  Yellowstone,  1  x)roceeded  to  continue 
the  survey. 

From  the  last  point  surveyed  the  line  runs  on  the  western  edge  of  a  plateau  situated 
east  of  Moon  Creek,  crosses  many  shallow  gullies  leading  towards  Moon  Creek.  I  ar- 
rived at  the  southern  edge  of  the  plateau,  40,866  feet  from  northwest  corner.  Descend- 
iDg  into  the  valley  of  Moon  Creek,  cutting  here  into  the  reservation,  I  crossed  the  new 
Fort  Custer  route  at  42,366  feet,  and  finally  Moon  Creek  itself  at  44,424  feet  from  north- 
west comer.  The  water  in  Moon  Creek  I  found  in  large  water-holes  slightly  impreg- 
nated with  alkali.  The  banks  and  bottom  are  lined  with  willow  and  cottonwood. 
The  grass  is  very  high  and  interspersed  with  sage-brush.  The  ravines  in  the  neigh- 
borhood contain  some  cottonwood  and  cedar.  Crossing  the  valley,  I  ascended  the  hills 
south  of  Moon  Creek  and  reached  the  corner,  which  is  situated  in  a  ravine  of  these 
hiUs.  Mounds  were  erected  at  23,165,  25,766,  2Gfim,  32,466,  34,401.  37,666,  40,866, 
41,424,  42,366,  45,26t5,  48,066,  51,518.  At  the  southwest  corner,  there  being  but  little 
stone,  I  had  to  throw  up  a  mound  of  earth  and  cover  it  with  sods. 

Proceeding  to  survey  the  southern  boundary,  I  erected  monuments  at  650  and  1,750 
feet  from  southwest  comer  to  indicate  the  corner-stone  more  distinctly,  and  thence 
running  east  I  crossed  Moon  Creek  at  9,750  feet  from  corner.  Ascending  grad dally,  I 
erected  monuments  one  mile  apart,  and  reaching  the  summit  of  a  high  hill  1  was  agree- 
ably surprised  at  finding  the  monument  erected  at  the  terminus  of  the  base-line  in  the 
range  of  the  cross-wires.  In  the  afternoon  of  the  following  day  I  succeeded  in  con- 
necting the  lines. 

This  gives  the  southern  boundarv  a  length  of  31080+25241 — 17.31  for  chain  error= 
59903.09  feet=10  miles  and  4 103.69' feet. 

Returning  to  the  post,  the  commanding  officer  of  the  district  and  post,  Col.  X.  A. 
Miles,  Fifth  United  States  Infantry,  instructed  me  in  regard  to  the  site  selected  for  a 
ferry  reservation  east  of  the  Tongue  River.  This  reservation  is  situated  on  the  second 
bend  from  the  mouth  of  Tongue  River.  The  initial  point  is  a  mound  about  100  feet 
from  the  river  bank,  and  6'  6^'  from  the  north  face  of  the  most  northern  of  three  trees 
growing  there  in  a  cluster.  The  line  runs  12^  32'  30''  north  of  true,  east  656  feet  from  said 
mound,  thence  at  right  angles  974  feet  southerly,  thence  at  right  angles  back  to  the 
river  817  feet.  The  northern  and  eastern  boundary  has  been  immediately  occupied  by 
claimants,  who,  dividing  the  outside  of  the  reservation  into  suitable  lots,  erected  build- 
ings, starting  a  site  for  a  new  town,  now  called  Miles  City.  The  ferry  reservation  is 
connected  with  the  main  reservation  by  a  ponton  bridge. 

With  the  survey  of  this  reservation  1  finished  the  boundary  work,  and  started  to 
meander  both  rivers,  which  work  I  accomplished  on  the  10th  of  July,  1878.  The  whole 
boundary  work  was  executed  with  utmost  care.  The  azimuths  were  taken  every  3 
miles,  the  compass  and  back-sights  acting  in  conjunction.  All  the  principal  points 
were  obtained  by  intersection  of  transit  and  compass  bearings.  Odometers  could  not 
be  put  in  practical  use,  the  country  being  too  rough  for  wagon- travel. 

The  boundary  lines  were  marked  as  often  as  practicable  and  on  points  easily  to  be 
found,  the  whole  survey  being  in  strict  compliance  with  the  following  department  order 
aathorizing  the  extent  of  Fort  Keogh  reservation,  viz  : 

"  (General  Oi-ders  No.  7.] 

"Headquarters  Department  of  Dakota, 

"  .Saint  rani,  Minn.,  March  22,  187H. 

"The  following  described  military  reservation  for  the  post  of  Fort  Keogh,  Mont., 
has  been  declared  by  His  Excellency  the  President  of  the  United  States,  under  date  of 
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March  14, 1873,  and  is  hereby  aaDoauced  for  the  informatiou  and  goverumeut  of  all 
concerned,  viz : 

'*  Starting  in  mid-channel  of  the  Yellowstone  River,  opposite  the  month  of  Tongue 
River,  thence  running  due  west  6  miles,  thence  due  south  about  10  miles  to  the  southern 
boundary  of  the  present  temporary  reservation,  thence  due  east  along  said  southern 
boundary  till  it  reaches  mid-chanuel  of  Tongue  River,  thence  down  said  channel  of 
Tongue  River  to  the  place  of  beginning,  reserving  a  site  for  a  ferry  or  bridge  across 
Tongue  River. 

**All  orders  or  parts  of  orders  heretofore  issued  from  any  source  whatever,  conflict- 
ing with  the  provisions  of  this  order,  are  hereby  declared  inoperative  and  void. 

**  By  command  of  Brigadier-General  Terry. 

"Geo.  D.  Ruggles, 
*^ Assistant  'Adjutant-General,^^ 

Regarding  the  geological  formation  observed  in  this  country  I  have  the  honor  to  re- 
port the  following : 

The  geological  formation  is  very  uniform.  The  whole  appearance  shows  the  action 
of  water.  There  are  no  signs  of  upheavals  ;  the  whole  shows  to  be  deposits  of  water 
acted  again  upon  by  water.  The  bottom  lands  are  sandy,  the  shale  l>eing  mixed  with 
loam.  They  are  very  fertile,  producing  all  species  of  excellent  vegetables.  These 
sandy  deposits  have  a  considerable  deptli,  probably  12  to  15  feet.  The  lower  strata  of 
the  elevated  points  are  at  some  points  laid  bare,  exhibiting  conglomerate  of  clay  and 
gravel,  strongly  impregnated  with  alkali ;  in  some  places  thin  layers  of  siliceous  lime- 
stone, very  brittle,  in  others  a  conglomerate  sandstone,  very  porous,  breaks  to  the  sur- 
face. Above  these  layers  I  perceived  deposits  of  clay  and  fragments  of  siliceous  forma- 
tion, the  whole  covered  with  about  2  feet  of  shale.  North  of  the  Yellowstone,  in  the 
bad  lands  near  the  northwest  corner,  the  middle  strata  exhibit  carboniferous  lime- 
stone. The  alluvial  deposits  exhibit  a  variety  of  colors,  according  to  the  material  in- 
termixed, white,  yellow,  and  red  bein^  most  prominent. 

The  botany  of  this  country  is  very  Jimited,  there  being  but  few  representatives  of 
trees,  but  a  great  variety  of  shrubs.  The  bottoms  are  covered  with  good  grass,  inter- 
spersed with  sa^e-brush.  The  banks  of  the  rivers  are  lined  with  high  cotton  wood  and 
willow.  There  is  some  higher  vegetation  along  some  of  the  creeks..  The  very  usefal 
pine  tree  is  only  very  sparsely  represented,  the  principal  district  being  about  a  mile 
south  of  the  southern  boundary  and  east  of  the  Tongue  River.  The  varieties  observed 
may  be  classified  as  follows :  White  pine  (Norway),  cedar,  American  aspen,  American 
elm,  white  ash,  common  juniper,  hazel-nut,  box  elder,  poison  ivy,  dogwood,  whit« 
birch,  choke-cherry,  wild  plum,  gooseberry,  wild  red  cherry,  currant,  raspberry,  and 
blackberry. 

The  maniihals  are  represented  by  the  following  species  and  varieties:  Wild-cat, 
prairie  wolf  or  cayotd,  fox,  weasel,  skunk,  badger,  ground-squirrel,  prairie-dog,  gopher, 
prairie  rat,  jackass  rabbit,  sage-rabbit,  red  deer,  white-tail  deer,  and  antelope. 

The  following  birds  were  observed :  Wild  duck  and  goose,  sand-hill  crane,  curlew, 
robin,  dipper,  swallow,  sparrow,  finch,  lark,  blackbird,  fly-catcher,  woodpecker,  owl, 
falcon,  hawk,  turkey-buzzard,  pigeon,  plover,  gull,  &c. 

For  determination  of  the  altitude,  I  employed  an  aneroid  barometer,  regulated  to  the 
level  of  the  sea  at  the  United  States  signal- office  at  Bismarck,  Dak.  Three  independ- 
ent sets  of  observations  were  taken. 

For  the  general  njagnetic  variation  at  the  post  and  establishing  of  the  meridian,  three 
sets  of  observations  with  a  Stackpole  transit  and  mean  solar  chronometer,  Arnold  &, 
Dent,  No.  1362,  were  used.    The  astronomical  work  was  performed  with  help  of  sex- 
tant No.  6536,  Spencer,  Browning  &  Co.,  and  sextant  No.  1662,  Stackpole  &,  Bros. ; 
.artificial  horizon  and  chronometers,  Arnold  «&  Dent, No.  1362, and  Bond  &  Son,  No. 202. 

The  results  of  these  observations  are : 

Ma^etic  variation  at  post,  17°  37'  30". 

Altitude,  2,511.09  feet  above  the  level  of  the  sea. 

Longitude  in  arc,  105°  56',  5;V.08". 

Longitude  in  time,  7"  3'n  47.538«. 

Latitude,  46"  23'  10.678". 

I  am,  sir,  very  respectfully,  your  obedient  servant, 

Julius  J.  Durage, 

Topographical  Assistant, 

Lieut.  Edwakd  Maguirk, 

Corps  of  Engineers y  U.  S.  A.,  Chief  Engineer  Department  of  Dakota. 
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SS    2. 

•REPORT  OF  THE  RECONNAISSANCE  OF  THE  MOREAIJ  OR  OWL  RIVER, 
DAKOTA,  IN  1878,  BY  LIEUTENANT  WILLIAM  HOFFMAN,  ELEVENTH 
UNITED    STATES    INFANTRY. 

Cheyenne  Agency,  Dakota,  De<emh(r  23,  1878. 

Sir:  I  have  the  honor  to  submit  the  following  report  iu  connection  with  the  duties 
assigned  me  by  Special  Orders  No.  48,  current  series,  Headquarters  Cheyenne  Agency, 
and  letter  of  instruction  dated  Engineer's  Odice,  Headquarters  Department  of  Dakota, 
April  9,  1878. 

The  map  called  for  ip  submitted  at  the  same  time  ;  also  field-notes,  &c. 

I  started  from  this  post  on  Sunday  the  t>Sth  day  of  April,  with  a  party  of  2.'>  enlisted 
men  all  told,  and  myself  being  the  only  ollicer  with  the  detachment.  My  transporta- 
tion consisted  of  three  six-mule  army  wagons,  and  I  was  rationed  to  the  3&th  day  of 
June,  1878. 

The  trip  was  made  without  any  incident  calling  for  special  remark,  excepting  the 
fact  that  I  happened  to  hit  the  rainy  season,  and  that  I  was  on  this  account  impeded 
by  bad  and  sometimes  impassable  roadway. 

*The  rainy  season  lasted  until  June  the  ioth,  up  to  which  time  I  had  made  only  one- 
third  of  my  trip,  and  the  result  was  that  I  had  to  work  hard  during  the  remaining 
twenty  days,  in  order  to  get  back  to  this  post  on  the  expiration  of  my  rations.  This 
I  succeeded  in  doing,  leaving  no  time  to  spare. 

The  Owl  River  country  is  practicable  for  campaigning  purposes  excepting  in  times  of 
heavy  rains.  Then  it  would  occasionally  be  impossible  to  move  wagons,  and  fi-equently 
impossible  to  move  artillery.  Of  water,  grass,  and  wood  there  is  plenty  for  ordinary 
military  purposes,  though  the  supply  of  the  latter  would  soon  be  exhausted  by  any 
permanent  military  establishment. 

In  projecting  marches  throngh  this  country,  it  would  be  well  always  to  consider  the 
rainy  season,  which  lasts  from  about  the  middle  of  April  to  the  middle  of  Juue,  as 
there  is  much  *'  bad  land"  which  is  then  impracticable. 

general  DESCUirXION. 

If  a  stream,  that  ordinarily  could  not  be  navigated  by  a  ship's  yawl  for  a  distance 
of  one-half  mile  above  its  mouth,  is  at  all  entitled  to  be  called  a  **Viver,"  then  this  is 
properly  the  Owl  River  instead  of  the  Morean  River,  as  the  former  is  the  original  Indian 
Dame. 

The  stream  runs  throngh  a  rolling  prairie  country,  with  no  timber  beyond  small 
8kirts  along  water-courses,  and  occasional  small  groves  in  ravine  heads,  ^f,  has  no 
mountains.  The  elevations  amount  generally  to  prairie-hills,  eroded  from  an  original 
level  by  the  action  of  water.  The  presence  of  sulphur  is  everywhere  apparent,  and 
this,  in  connection  with  much  limestone,  gives  the  entire  country,  except  the  immedi- 
ate mouth  of  the  river,  more  or  less  of  a  **  bad  laud''  character ;  nevertheless  there  are 
some  portions  that  would  make  excellent  farms  and  stock  ranches,  and  along  the  en- 
tire length  of  the  stream  the  quality  of  the  land  varies  through  all  the  different  grades 
from  excellent  to  worthless.  As  a  general  fact  the  land  is  meager  at  the  river  head, 
and  improves  toward  the  month,  where  it  is  excellent. 

HUSBANDRY. 

The  winters  are  severe,  and  but  for  this  fact  this  would  make  a  stock  country  from 
good  to  excellent,  according  to  location.  For  a  few  vears  past  the  winters  have  been 
comparatively  mild,  and  acclimated  stock  has  lived  throngh  them  without  shelter. 
Bnt  the  Indians  tell  of  severe  winters,  in  which  men  and  animals  perished,  and  I  doubt 
if  it  would  be  prudent  to  attempt  the  raising  of  stock  unless  shelter  is  provided. 

Though  some  portions  of  Montana,  in  even  higher  latitudes  than  this,  are  becoming 
prominent  as  stock  duitricts,  it  must  not  be  overlooked  that  the  isothermal  lines  pass- 
ing there  are  warmer  than  those  passing  here. 

Many  plateaus  here  are  rich  in  gama-grass,  while  in  the  bottoms  other  good  Tarieties 
are  frequentlv  abundant. 

The  land  about  the  mouth  of  the  river  is  very  good  and  would  make  excellent  farms, 
and  here  limited  quantity  of  wood  is  the  only  drawback  for  farmers.  Thefplatean 
at  the  mouth  would  make  nicer  farms  than  the  bottoms,  though  some  persons  would 
prefer  the  latter.  Indians  who  have  tried  farming  near  the  mouth  speak  highly  of  the 
result,  but  these  farms  were  on  the  Missouri  rather  than  on  the  Owl  River.  The  char- 
acter of  the  country  as  regards  husbandry  may  be  called  generally  excellent  from  the 
month  of  Owl  River  to  Virgin  Creek. 
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From  Virgin  Creek  to  Little  Morean  Creek  the  river  bottom  is  generally  bad,  wLile 
beyond  the  breaks  on  the  divides  thejand  is  generally  good. 

From  Little  Moreuu  Creek  to  Clay  Bank  Butte  the  bottom  is  generally  bad,  ^bile 
beyond  the  breaks  the  land  is  generally  fair. 

From  Clay  Bank  Butte  to  the  mouth  of  Thunder  Creek  the  immediate  bottoiti,  which 
is  however  small,  is  generally  good,  sometimes  excellent,  as  at  the  mouth  of  Worthless 
Creek,  while  the  uplands  are  generally  bad,  mostly  entirely  worthless. 

From  Thunder  Creek  to  the  neighborhood  of  the  81im  Buttes  the  soil,  river  bottom 
and  uplands  alike,  becomes  gradually  more  meager  and  does  not  in  any  part  promise 
well  for  farming.  Some  portion  may  serve  as  grazing  grounds,  while  the  larger  portion 
is  good  for  nothing. 

Drought. — ^The  question  of  "seasons,"  as  relates  to  rain,  must  remain  open  until 
observations  have  been  made  for  a  sutlicient  period  of  time.  My  information  leads  to 
the  belief  that  rains  cannot  be  dei^ended  on  outside  of  the  rainy  season,  and  that  se- 
vere drought  during  the  hotter  months  is  the  rule. 

Water. — Indians  say  that  this  stream  does  not  run  in  dry  seasons,  except  at  its  ex- 
treme heads ;  but  that  it  sinks,  stands  in  holes,  and  seeps  through  the  sand  and  gravel, 
«&c.,  and  that  then  the  water,  though  fit  for  pressing  needs,  is  poor  and  stinks.  This  is 
•apparently  caused  by  sulphate  of  lime,  and  probably  applies  mainly  to  the  lower  river, 
as  at  the  stage-stand,  on  the  main  river,  I  was  informed  that  the  water  runs  a  little  in 
dry  seasons;  that  the  water  is  hard  when  high,  and  soft  and  better  in  taste  when  low. 
This  advantage  on  the  side  of  low  water  is  probably  due  to  filtration  through  the  sand 
region  in  which  this  stage-stand  is  located. 

There  appear  to  be  no  well-defined  8])rings  tributary  to  this  river.  In  .some  places, 
like  at  the  extreme  heads  in  the  Slim  Buttes,  water  is  said  to  run  the  year  round,  yet 
here  there  are  water-seeps  rather  than  springs. 

The  river  rises  rapidly,  according  to  the  amount  of  rainfall,  and  remains  up  for  con- 
siderable periods,  proportionately  to  the  same  cause.  From  a  small  and  almost  dry 
bed,  it  may  rise  in  one  night  to  a  rushing  stream  fifty  yards  wide  and  as  many  feet 
deep,  while  it  may  be  unfordable  during  the  entire  rainy  season. 

Wood. — Wood  is  comparatively  scarce.  All  those  portions  of  the  river  bottom,  either 
subject  to  overflow  or  otherwise  unfit  for  farms,  might  be  utilized  in  the  cultivation  of 
Cottonwood,  and  could  thus  be  made  to  supply  the  immediate  want4  of  a  moderate 
farming  population. . 

There  is  a  considerable  quantity  of  cottonwood,  from  6  to  12  inches  in  diameter,  near 
the  mouth  of  the  river,  also  some  stunted  oak  and  some  ash. 

Wood  becomes  less  as  one  goes  up  the  river,  until  it  disappears  entirely  at  about  15 
miles  from  the  heads;  at  those  heads,  however,  that  run  from  the  Slim  and  Short  Pine 
Buttes,  wood  is  again  found  in  the  shape  of  a  stunted  pine  only  fit  for  fuel. 

The  different  tributaries  have  mote  or  less  wood,  generally  in  proportion  to  their 
sizes. 

Vegetation.— Many  localities  are  rich  in  gama  grass,  while  in  the  bottoms  other 
good  vafleties  are  frequently  abundant.  Wild  leek,  many  varieties  of  sage,  carroway, 
and  many  other  aromatic  plants  are  indigenous  to  this  locality  and  grow  in  such  pro- 
fusion that  I  am  led  to  the  conclusion  that  sulphur  may  very  probably  be  the  base  of 
tl^eir  odor. 

Articholfes  are  also  plentiful  in  spots.  The  Indian  turnip  (Pomme  Blanche)  is  abun- 
dant on  the  heights  from  about  the  middle  to  the  head  of  the  river.  This  is  a  good  sub- 
stitute for  bread  being  almost  entirely  of  starch.    The  hull  contains  a  yellow  dye-stuff. 

About  the  mouth  of  the  river  choke-cherries,  fox-grapes,  wild  plumbs,  black  currants, 
and  bull-berries  grow.  The  latter  is  a  fruit  in  size,  color,  and  somewhat  in  tast^  re- 
sembling the  red  currant.  It  grows  on  largo  bushes,  is  acid  and  pleasant  to  the  taste, 
and  by  its  great  abundance  is  quite  an  important  fruit. 

Minerals — Carbonate  of  lime  and  sulphur  are  the  most  prominent  mineral  features. 
Sulphate  of  lime  is  found  in  varying  proportions  w^ here ver  there  are  "  ba<l-laud  "  signs. 
Satin  spar  is  the  predomiuatiug  sulphate  and  was  found  in  largest  quantities  on  Worth- 
less Creek. 

There  are,  in  the  Slim  Buttes,  beds  of  the  bituminous  coal  common  to  this  locality. 
It  is  associated  with  native  sulphur  in  large  proportion.  There  are  present  both  brown 
and  black  coal,  the  brown  overlying  the  black  strata.  This  coal  makes  a  tolerable 
fuel. 

A  coarse  gray  marble  was  first  found  on  Red  Water  Creek,  where  it  had  evidently 
been  the  crown  of  a  butte  now  washed  down.  This  marble  becomes  more  frequent  as 
one  approaches  the  Slim  Buttes.  These  buttes  are  crowned  with  it,  and  under  it  is 
found  a  deposit  of  quartz  ^and  which  formed  the  sandstone  found  lower  down.  This 
sand  is  coarse  and  verging  toward  gravel. 

A  coarse  reddish  sandstone,  not  fully  formed,  through  which  specks  of  iron  oro  are 
disseminated,  constitutes  the  crowns  of  buttes  and  hills  in  the  neighborhood  of  Meadow, 
Red  Water,  and  Little  Moreau  Creeks.  The  same  stone,  without  the  iron,  is  found 
further  upstream. 
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Red  Water  Creek  neighborhood  is  underlaid  bya  bed  of  lenticular  iron  ore.  From 
Rabbit  Creek  to  the  mouth  of  the  river  strata  of  argillaceous  shale  are  of  frequent 
occurrence. 

Submarine  fossils  are  abundant  even  on  the  highest  points,  and  are  most  frequent 
-on  the  southern  divide  of  0^1  River. 

But  a.  few  specimens,  larger  than  a  walnut,  of  granitic  or  quartzose  rocks  are  found 
iu  the  river  drift. 

No  flint  apparent  at  my  crossing  of  Flint  Rock  Creek.  Possibly  it  is  to  be  found  at 
the  White  Earth  Mines,  which  are  probably  composed  of  an  impure  chalk-sand.  All 
from  Mountain  Sheep  Creek  to  Flint  Rock  Creek,  on  south  side  of  river,  inclined  to 
be  sandy.  Sand-led^e  Creek  is  probably  the  center  of  the  sand  district.  It  is  serpen- 
tine, cutting  perpendicular  banks  on  alternate  sides  through  a  deep  stratum  of  brown 
sand,  slightly  agglutinated,  and  having  the  appearance  of  brownstone  ledges. 

There  is  no  gold  apparent.  I  washed  the  river  drift  carefully  throughout  its  entire 
length,  and  could  not  obtain  a  single  *'  color. ^'  The  great  quantity  of  quartz  sand  in 
the  Slim  Buttes  is  plainly  a  water  drift  from  some  other  locality,  where  any  gold  this 
quartz  may  have  coutained  probably  still  remains. 

Game. — The  game  of  this  section  consists  of  white  and  black  tailed  deer,  antelopes 
in  great  numbers,  prairie-chickens,  some  beaver,  and  muskrat.  The  baffalo  no  longer 
range  here,  and  elk  have  been  driven  off,  though  an  occasional  one  may  still  be  found. 

From  the  mouth  of  Thunder  Creek  up  antelopes  were  so  numerous  that  it  required 
no  special  skill  to  kill  more  than  we  could  use. 

There  are  no  fish  in  this  river,  except  an  occasional  small  catfish  and  a  permanent 
f^ndgeon. 

Scenery.— There  is  but  little  remarkable  scenery  on  this  river.  Only  a  few  locali- 
ties ^ifler  from  the  ordinary  aspect  presented  by  river-breaks  through  a  bare  rolling- 
prairie  land.  The  Many  Buttes,  the  Slim  Buttes,  and  the  view  of  the  river  as  seen 
from  the  mouth  of  Worthless  Creek,  are  the  most  prominent  exceptions.  The  Many 
Buttes,  seen  on  a  misty  morning,  are  impressive  and  resemble  a  city. 

The  river,  as  seen  from  the  mouth  of  Worthless  Creek,  presents  a  picturesque  view. 
It  has  here  the  character  of  a  seri)entine  caHon,  cutting  its  way  deep  through  a  mount- 
ain raDg;e.  The  steep  land  slides  in  the  foreground,  tinged  by  oxide  of  iron ;  the  dark- 
green  skirting  of  cottonwood,  that  winds  into  the  distance  with  the  river;  the  lighter 
bhades  of  green  in  the  various  patches  of  vegetation,  the  yellowish  Clay-bank  Butte 
jn  the  left  center  of  the  picture,  all  form  harmony  of  outline  and  color  highly  pleasing 
to  the  eye. 

The  Slim  Buttes,  from  a  distance,  appear  as  a  range  of  mountains,  indistinct,  with 
dark-blue  base  and  white  outcroppings.  As  one  approaches  nearer,  they  appear  cov- 
ered with  stubbles.  This  is  the  stunted  pine  growing  on  them.  This  sudden  change 
of  scenery,  when  coming  from  the  ])rairies  to  the  buttes,  is  impressive.  In  the  one 
•case  we  for  months  have  bad  green,  rolling,  comparatively  smooth,  bare  prairies,  i*ed 
land  slides,  and  Cottonwood  skirts.  In  the  other,  we  suddenly  come  upon  the  dark 
lead  color  given  by  distance ;  the  rugged  range,  the  snow-white  spots,  and  pine  growth. 
But  a  few  steps  over  the  boundary  line,  and  we  have  a  change  that  could  not  be  ex- 
pected ordinarily  inside  of  hundreds  of  miles. 

In  going  from  one  character  of  country  to  another  it  is  usual  for  the  scenic  charac- 
teristics of  one  to  blend  gradually  into  those  of  the  other,  while  in  this  case  the  change- 
is  abrupt. 

The  white  color  of  the  buttes  is  disintegrated  limestone  (gray  marble  in  this  case). 

In  the  "breaks"  of  the  buttes  are  many  fantastic  formations.  Columns  are  found 
often  vertical  and  50  feet  high.  They  are  a  composite  of  coarse,  vitreous  quartz,  saud, 
Aud  lime,  slightly  agglutinated. 

Some  views  are  particularly  good,  principally  the  view  of  the  North  Pass.  From  a 
distance  it  resembles  a  brick,  tile-covered  village,  and  iu  the  gap  there  are  three  col- 
umns resembling  turreted  castles,  and  as  though  built  there  to  guard  the  pass. 

The  short  pine  bills  are  of  the  same  general  character  as  the  Slim  Buttes.  The  pine 
on  either  being  but  a  sprinkling  of  scrub. 

The  "  bad-land  '^  slides  from  the  mouth  to  Little  Morean  Creek  are  gray  to  blackish 
iu  color.  From  Little  Moreau  Creek  to  Thunder  Creek  they  are  reddish ;  thence  to  Rab- 
bit Creek  they  change  to  whitish  ;  thence  to  the  Slim  Buttes  iron  oxide  is  again  com- 
mon. 
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MISCELLANEOUS  REMARKS. 


Ferfions  andertaking  this  coantty  slioald  be  warned  that  generally  the  buttes  are  so 
much  alike  that  one  is  apt  to  mistake  their  identity.    These  buttes  as  seen  from  dif- 
ferent sides  oan  only  be  recognized  by  taking  them  in  con- 
(/  \  nection  with  some  other  point.    The  coniciu,  thejagzed- 

/       \^  J    topped,  and  the  tent-shaped  buttes  are  most  dimcult  in 

— ^ -^^* —    /    this  respect. 

It  is  evident  that  large  bodies  of  Indians  have  been 

)  located  on  this  river,  and  that  their  latest  camps  were  in 
the  vicinity  of  Slave  Buttes.  There  are  large  cottonwood 
stumps  here,  4  feet  in  diameter,  from  which  the  trees  have 
been  chopped,  and  there  being  no  more  large  trees  the  in- 

(.~^\  >    ference  is  that  this  was  once  the  camping-ground  of  many 

^^        X        )    Indians,  who  followed  the  growth  of  timber  until  it  was 

all  consumed  (they  destroy  much  bv  feeding  their  ponies 
on  the  bark).    Ther^  is  now  only  a  young  aftergrowth  of  trees  here. 

Fox  Ridge  is  an  abrupt  wash  on  the  south  side  of  the  divide,  between  the  Owl  and 
the  Cheyenne  Rivers,  caused  by  sulphur  action.  It  is  *^  bad  land/'  worthless  and  im- 
passable for  wagons  when  well  wet. 

It  is  the  action  of  sulphur  on  rocks,  soil,  &.C.,  causing  disintegration,  that  supplies 
the  mud  held  in  suspension  by  the  waters  of  this  section,  and  from  which  the  Mis- 
souri River  derives  its  name.  The  soil  appears  to  swell  as  though  leavened  with  yeast, 
and  it  never  becomes  compact  again.  In  dr^  weather  it  will  hardly  bear  a  pulling 
mule,  and  in  rains  the  very  hill-tops  become  bottomless  quagmires. 

DERIVATION  OF  NAMES  USED. 

Bastion  HilU  Named  by  myself  from  its  resemblance  to  a  bastion. 

Bear  Creek.  The  Indian  name. 

Clay-bank  Butte.  Named  by  myself  from  its  appearance. 

J)eer*8  Ears.  The  Indian  name  derived  from  the  outline  appearance  of  the  buttes. 

Elk  Hills.  Named  by  myself  from  Indian  tradition,  which  speaks  of  them  as  elk 
resorU.  , 

Flint  Boek  Butte.  The  Indian  name. 

Flint  Bock  Creek.  The  Indian  name. 

Fox  Bidge.  The  Indian  name. 

Little  Moreau  Creek.  Called  Little  Moreau  River  on  a  previous  survey;  the  term 
"river"  canncft  be  properly  applied. 

Meadoxo  Creek.  Named  by  myself  from  the  appearance  of  the  land,  as  seen  from  my 
trail,  through  which  it  flows. 

Mountain  Sheep  Butte.  Named  by  myself  from  Indian  reports  which  speak  of  it  as 
the  only  locality  on  the  river  in  which  mountain  sheep  are  still  to  be  found. 

Mountain  Sheep  Creek,  Named  by  myself  from  its  relative  position  to  Mountain 
Sheep  Butte. 

Old  Biver.  This  is  the  original  Indian  name.    It  is  sometimes  called  Moreau  River. 

Patched  Skin  Buttes.  The  Indian  name. 

Babbit  Butte.  The  Indian  name. 

Babbit  Creek.  The  Indian  name. 

Bed  Earth  Creek.  Named  by  myself  from  the  pronounced  color  of  the  earth  in  spots. 

Sand'^ledge  Creek,  Named  by  myself  from  the  sand  ledges  through  which  it  runs. 

Short  Fine  Hills.  The  accepted  name,  though  not  a  literal  translation  of  the  Indian 
term. 

Slave  Buttes.  The  Indian  name. 

Slim  Buttes.  The  accepted  name..  Thin  Buttes  being  the  translation  of  the  Indian 
term. 

Thunder  Buttes.  The  Indian  name. 

Thunder  Creek.  The  Indian  name. 

Twin  Buttes.  Name  adopted  from  a  previous  survey. 

Virgin  Buttes.  Named  by  myself  on  account  of  their  proximity  to  Virgin  Creek. 

Virgin  Creek.  The  Indian  name. 

Wedge-tent  Buttes.  Named  by  myself  from  its  outline  resemblance  to  a  wedge  tent. 

White  Earth  Mines.  The  Indian  name.  Worthless  Creek.  Named  by  myself  be- 
cause all  land  lying  on  it  appears  to  be  absolutely  worthless. 

I  have  only  given  names  where  Indian  or  other  names  were  unknown. 
I  am,  sir,  very  respectfully,  your  obedient  servant, 

William  Hoffman, 
First  Lieutenant  J  Eleventh  Infantry. 
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SS  3. 

REPORT  ON  THE  MAMMALS  AND  BIRDS  OF  THE  GENERAL  REGION  OF 
THE  BIG  HORN  RIVER  AND  MOUNTAINS  OF  MONTANA  TERRITORY,  BY 
CHARLES  E.  McCHESNEY,  ACTING  ASSISTANT  SURGEON,  UNITED  STATES 
ARMY,  1878. 

Fort  Sisseton,  Dakota., 

November  22, 1878. 

Sir  :  I  have  the  honor  to  transmit  herewith  my  report  on  the  mammals  and  hirds  of 
the  Big  Horn  Region,  Montana  Territory. 

As  you  are  aware,  I  was  ordered  hy  the  department  commander  on  the  10th  of  July 
last  to  report  in  person  to  you  at  Fort  Custer,  Mont.,  for  duty  with  exploration  parties 
under  your  charge.  I  proceeded  with  all  possible  dispatch,  via  the  Missouri  and  Yel- 
lowstone Rivers,  to  that  post,  where  I  arrived  August  15, 187b,  and  pending  your  arrival 
I  examined  zoologically  to  as  great  an  extent  as  possible  with  the  facilities  at  my  com- 
mand the  region  around  Fort  Custer,  the  result  of  which  is  embodied  in  the  following 
paces. 

On  the  9th  of  September,  having  previously  received  a  communication  from  yon 
stating  that  you  had  been  detained  in  Saint  Paul  by  other  duties  so  long  that  the  ex- 

floration  of  the  Big  Horn  Mountains  would  have  to  be  deferred  until  another  season, 
left  Fort  Custer  in  obedience  to  orders  assigning  me  to  another  field  of  duty.  Thus 
less  than  a  month  was  spent  in  examining  the  vicinity  of  Custer.  This  time  was  much 
too  limited  to  examine  thoroughly  that  extensive  and  interesting  region. 

Many  species  of  birds  that  undoubtedly  spend  the  spring  and  summer  in  the  region 
had  taken  their  departure  before  my  arrival.  I  believe  that  instead  of  100  species  of 
birds  here  reported  on  much  nearer  200  would  be  found  by  careful  investigation  to 
occor  in  this  section  of  Montana,  and  the  number  of  mammals  would  be  increased  by 
several  species;  so  that  the  following  report  is  by  no  means  exhaustive  of  the  subject. 
The  classification,  &c.,  here  followed  is  in  strict  accordance  with  the  standard  works 
of  Dr.  Elliott  Cones,  U.  S.  A.,  so  far  as  his  publications  have  been  available. 

I  would  respectfully  recommend,  in  case  an  expedition  is  to  be  organized  to  examine 
this  country  during  the  coming  year,  that  the  zoologist  and  botanist  be  at  Fort  Custer, 
fully  equipped  and  ready  to  take  the  field,  by  the  1st  of  June,  as  otherwise  much  that 
is  of  great  scientific  interest  would  be  lost  by  a  later  start. 

I  cannot  close  this  letter  without  expressing  my  thanks  to  the  officers  stationed  at 
Fort  Custer,  who  did  ao  much  to  render  my  stay  at  that  post  both  profitable  and 
pleasant. 

I  am,  sir,  very  respectfully,  your  obedient  servant, 

Charles  E.  McChesney, 
Acting  Assistant  Surgeon^  U.  S»  A, 
Lieut.  Edward  Maguire, 

Corps  of  Engineers^  U.  S.  A.,  Chief  Engineer ^  Department  of  Dakota, 


CHAPTER    I. 

MAMMALS. 

MONODELPHIA  EDUCABILIA.     • 

Family  FELID^. 
Genus  FELIS,  Linn. 

Felis  coxcolor,  Linn. — liocly  Mountain  Lion, 

This  lion  is  found  in  the  Big  Horn  Mountains  in  small  numbers.  I  was  shown,  at 
Fort  Custer,  Mont.,  the  skin  of  one  that  had  been  killed  in  January,  1878,  in  the  Big 
Horn  Mountains;  the  skin,  which  was  in  the  possession  of  Lieutenant-Colonel  Buell, 
Eleventh  Infantry,  indicated  that  the  animal  had  been  an  average  one  in  size. 

This  lion  has  also  been  found  in  other  parts  of  Montana,  in  considerable  numbers, 
within  the  past  year  or  two. 
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Genus  LYNX,  Raf. 

Lynx  canadensis  (Desm.),  Raf. — Canada  Lynx,  ' 

Was  first  <9bserved  crossiDg  the  YellowBtone  River,  above  Fort  Keogb,  Mont.,  Aa- 
gU8t  10,  1H7H. 

At  Fort  Cnster,  Mont.,  I  was  shown  a  skin  of  this  lynx,  belonging  to  Lieutenant 
Rawolle,  Second  Cavalry,  that  bad  been  killed  about  40  miles  from  that  post  on  tba 
Little  Horn  River,  in  Febniary,  1H78. 

This  lynx  is  qnite  comuipn  in  the  mountains  and  foot-bills  along  both  the  Big  and 
Little  Horn  Rivers,  a  few  miles  from  Fort  Custer,  Mont. 

The  skin  in  Lieutenant  Rawolle's  possession  I  refer  to  L^nx  canadensis  rather  than 
to  L.  rufus;  although  it  is  not  a  typical  L.  canadent*iH,%i\\\  it  comes  nearer  that  species, 

S resenting,  however,  some  of  the  cnaraoteristics  of  the  A.  rufus.    The  skin  may  have 
een  from  a  slightly  immature  specimen,  but  it  is  not  improbable  that  there  is  a  vari- 
ety of  L.  ranadetisis  inhabiting  the  region  of  the  Big  Horn  Mountains. 

Col.  A.  G.  Brackett,  of  tiie  Second  United  States  Cavalry,  to  whom  I  am  under  many 
obligations  for  valuable  assistance  rendere<l  me  at  Fort  Cnster,  informs  me  that  he 
thinks  there  may  be  a  third  lynx  inhabiting  the  mountainous  region  nnder  considera- 
tion, as  he  has  there  seen  a  small  lynx  which  he  believes  to  be  different  from  any  that 
have  bt'en  described  by  authors.  Should  this  prove  to  be  the  case  it  will  be  a  very 
interesting  discovery.  To  this  point  I  will  give  special  attention  should  it  be  my  for- 
tune to  again  visit  the  region  around  Fort  Custer. 

Lynx  ruft'S  (Gm,),  Rat— Bay  Lynx  ;   ll'iUl  Cat. 

I  did  not  meet  with  the  wild  cat  during  any  part  of  my  travels,  but  it  is  said  to  be 
not  uncommon  thronghout  the  general  region  visited,  especially  the  moantainous  por- 
tions of  the  Big  and  Little  Horn  Rivers. 

Family  CANID.K. 
Gi:m  s  CAXIS,  Lynx. 

Canis  lupus  occidentalijs,  Cs.  and  Yar.— American  Timber  IFolf, 

I  did  not  mj'^self  observe  this  wolf,  but  Captain  Read,  of  the  Eleventh  Infantry,  in- 
formed me  that  he  had  seen  it  along  the  Yellowstone  River,  near  Terry's  Landing,  as 
also  in  the  immediate  vicinity  of  Fort  Coster. 

I  saw  several  skins  of  the  American  timber  wolf  at  a  trading  store  at  Baker's  battle- 
field, on  the  Yellowstone  River,  about  40  miles  from  Fort  Caster,  and  was  there  in- 
formed that  this  wolf  was  ([uite  common  in  that  locality,  and  that  the  skins  shown 
me  were  of  animals  killed  in  that  immediate  vicinity. 

Canis  LATRAN8,' Say. — Prairie  Wolf:  CoyoU, 

Is  quite  common  in  the  vicinity  of  Fort  Custer,  along  both  the  Big  and  Little  Horn 
Rivers.  I  also  saw  several  while  crossing  from  Fort  Custer  to  Fort  Ellis,  Mont.,  in 
September. 

Unless  seriously  threatened,  the  prairie  wolf  does  not  seem  to  be  particularly  afraid 
of  man.  I  observed  that  they  would  run  to  a  safe  distance,  perhaps  800  or  1,000  yards, 
and  generally  stop  and  delil>erately  view  the  intruder,  but  they  did  not  seem  anxions 
for  a  much  closer  acquaintance,  as  t>hey  would  scamper  otf  if  approached  a  little 
nearer. 

The  prair\e  wolf  undoubtedly  does  his  full  share  in  the  way  of  destruction  to  tte 
rabbits  and  ground  squirrels,  upon  which,  as  well  as  grouse  also,  it  frequently  makes 
a  dainty  meal. 

Gem-s  VrLPES. 

VULPES  VULGARIS  PENNSYLVANICU8  (Bodd.)^Cones. — American  Red  Fox, 

Is  found  in  small  numbers  in  the  vicinity  of  Fort  Custer,  Mont.,  and  is  doubtless 
common  throughout  most  of  the  Big  Horn  region. 

The  variety  of  the  red  fox  known  as  the  crossed  fox  is  represented  to  a  small  extent 
in  this  region.  I  was  shown  a  very  fine  skin  of  this  fox,  belonging  to  Lieutenant 
Huntington,  Second  Cavalry,  that  bad  been  killed  on  the  Little  Horn  River,  about 
30  miles  above  Fort  Custer,  in  October,  1877. 

VULPES  MACRURUS  (Bodil,),— Large  Prairie  Fox, 

Was  not  observed  on  the  trip,  bnt  is  known  to  inhabit  the  general  region  under  con- 
sideration. 
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VuLPES  VELOXf  Aud.  and  BAoh,— Swift ;  Kit  Box, 

Occurs  in  considerable  nambers  along  the  Yellowstone  River,  and  is  qnite  common 
in  the  vicinity  of  Fort  Cnster,  Mont.,  along  the  Big  and  Little  Horn  Rivers. 

Family  MUSTELIDiE. 
Subfamily  MARTIN^E. 
Genus  PUTORIUS,  Cuvier. 

PUTORius  LONGICAUDA  {K\g\i.).— Long -tailed  Ermine, 

Are  fonnd  in  considerable  numbers  in  the  vicinity  of  Fort  Custer.  I  observed  them 
in  the  pines  on  a  spur  of  the  Big  Horn  Mountains,  August  30.  Are  known  to  occur  on 
the  Little  Horn  River  above  Fort  Cust-er. 

Me/isurement^  of  specimens. 


From  tip  of  nose  to  eye 

From  tip  of  nose  to  ear 

From  tip  of  none  to  occiput . 

From  tip  of  nose  to  tail 

Tail  to  end  of  vertebne 

Length  of  fore  foot 

Length  of  hind  foot 

Width  of  palms 

Longest  fore  claw 

Tail  black  tipped 

Height  of  ears 


No.  445 

No.  475 

cT 

cT 

0.78 

0.67 

L63 

L45 

2.30 

2.11 

10.40 

9.10 

7.50 

4.50* 

L47 

1.19 

1.92 

L75 

0.  52 

0.44 

0.43 

2.40 

0.62 

*  Tail  partly  lost. 

These  two  specimens  present  additional  proof  of  the  correctness  of  Dr.  Coues's  views 
that  this  ermine  should  be  compared  with  P.  hrasiliensis  var.  frenat us,  and  not  with 
Futorius  erminta, 

Pltorius  (cynomyonax)  nigripes  (Aud.  and  Bach.),  Coues.— J iwer/oan  Black-footed 
Ferret, 

Col.  A.  G.  Brackett,  United  States  Army,  in  a  letter  dated  Fort  Custer,  Mont.,  April 
11,  1879,  kindly  informs  me  that  he  has  a  black-footed  ferret,  which  was  caught  by 
some  Crow  Indians  on  the  Little  Big  Horn,  March  24,  1879.  I  believe  this  is  the  first 
sx>ecimen  of  this  little-known  mammal  taken  in  that  section  of  Montana. — C.  £.  McC, 
Fort  Sisseton,  May  13, 1879. 

PuTORius  VI80N  (Schreb.),  Rich.— A/imA;. 

E\'idenoe8  of  the  presence  of  the  little  brown  mink  are  to  be  seen  along  the  Little 
Horn  River  near  Fort  Custer,  Mont.,  and  specimens  have  been  taken  along  the  Stink- 
ing Water. 

The  brown  mink,  however,  is  not  common  in  the  clear  and  cold  mountain  streams 
of  this  region,  and  I  doubt  if  it  be  such  waters  that  this  animal  prefers  at  all. 

The  mink  is  said  to  be  a  deadly  enemy  of  the  muskrat,  sometimes  entering  a  house 
and  destroying  all  the  inmates,  who  make  little  or  no  resistance ;  at  other  times  it  will 
enter  a  lake  inhabited  by  muskrats  and  in  a  short  time  cause  them  to  abandon  it. 

Subfamily  MEPHITIN.E. 
Genus  MEPHITIS,  Cuv. 

Mephitis  mephitica  (Shaw),  Bd. — Amencan  Skunk, . 

Was  found  to  occur  in  numbers  all  along  the  Yellowstone  River  from  Fort  Buford 
to  near  iiort  Ellis;  was  common  at  Fort  Custer  and  along  the  Big  and  Little  Horn 
Rivers,  and  in  fact  throughout  the  entire  region  visited. 

The  bite  of  the  skunk,  so  fatal  in  more  southern  latitudes,  is  almost  unknown  in  the 
northern  regions.  I  have  never  (in  a  residence  of  over  eleven  years  in  Dakota  and 
Montana)  known  of  a  single  case  of  skunk-bite  to  occur  in  either  Territory,  although 
in  most  of  the  localities  that  I  have  visited  the  skunk  has  been  found  to  be  resident 
in  numbers.  It  is  probably,  a  case  parallel  with  that  of  the  rattlesnake,  which  does 
not  strike  near  as  often  nor  is  its  bite  as  venomous  in  cold  as  in  a  warm  climate. 
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SibfamIly  melin^; 

Gesih  TAXIDEA,  Waterhouse. 

Taxidea  AMERICANA  (Rodd.),  Bd. — American  Badger. 

Was  quite  oommon  at  Fort  Custer  vfhen  the  post  was  established  in  l^;^,  aud  still 
ocGUrd  in  considerable  numbers  in  that  vicinity.  Is  found  aloDg  the  Rosebud  and 
Clark's  Fork  in  numbers. 

The  badger  displays  a  considerable  amount  of  courage  when  occasion  requireB,  some- 
times even  turning  on  inan;  and  I  have  seen  more  than  one  person  beat  a  precipitate 
retreat  under  such  circumstances. 

Subfamily  LUTRIN.E. 
gkxu8  lutra. 

LuTRA  CANADENSIS  (TiiTton),  Cuv. — Xortk  Jma'ican  Otter. 

Occurs  in  small  numbers  on  the  Little  Horn  River  near  Fort  Custer,  Mont,  is 
probably  on  the  Hig  Horn  also.  Is  found  in  numbers  on  Graaa  Lodge  Creek  about  30 
miles  from  Fort  Custer,  Mont. 

Family  PROCYONID-E. 

IGesl-8  PROCYOX,  Storr. 

Procyon  Lotor  (Linn.)i  Storr.— /»*accoon. 

Is  occasionally  seen  along  the  Missouri  River,  but  I  did  not  meet  with  it  along  either 
the  Yellowstone  or  Hig  Horn  Rivers,  and  I  doubt  whether  it  ascends  as  high  as  these 
rivers. 

Family  URSID.E. 

Gekub  URSUS,  Linn 

Ursus  arctos  horribilis  (Ord.),  Coues  and  Yar. — Grizzly-Bear, 

Colonel  Brackett  showed  me  at  Fort  Custer  the  skin  of  one  that  had  been  killed  in 
December,  1877,  near  Little  Horn  River,  Montana. 

Is  common  in  the  Bighorn  Mountains. 

The  grizzly  bear  is  quite  fond  of  the  wild  plums  and  other  frnit  of  the  mountains  io 
season,  and  he  knows  when  the  season  for  them  has  arrived  as  well  as  man  does;  when 
feeding  he  does  not  like  interruption  in  the  shape  of  man's  intrusion,  which  heiriU 
terribly  resent  if  the  person  is  not  well  on  his  guard.  I  found  but  few  hnnters  irbo 
cared  to  have  anything  to  do  with  the  grizzly,  and,  as  for  myself,  I  am  free  to  confeH 
that  I  am  no  aspirant  for  bear  honors. 

Ursus  americanus,  VslU.— Black  Bear. 

Tracks  of  a  young  black  bear  were  seen  on  the  right  bank  of  the  Yellowstone  Rirer 
near  Froze-to-death  (above  Fort  Keogh),  August  11. 

Is  quite  common  at  this  time  along  all  the  streams  running  into  the  Big  and  Little 
Horn  Rivers  near  Fort  Custer,  Mont.,  where  it  is  known  as  the  '^Cinnamon  ^  bear. 
Occurs  throughout  the  Bighorn  Mountains  in  numbers. 

Variety  cinnamaneus  is  represented  very  largely  in  this  region. 

I  saw  robes  at  Baker's  battle-field  showing  almost  all  variations,  from  the  extreme 
black  to  the  pale  cinnamon  color,  that  had  been  taken  in  the  Bighorn  Monntaios. 

While  the  black  bear  is  not  nearly  as  ferocious  as  the  grizzly,  still  he  will  make  t 
desperate  tight  when  occasion  requires;  such,  for  instance,  as  when  he  has  been  slightlj 
wounded  and  his  enemy  is  within  reach. 

Family  BASSARIDID.E. 

Gesv»  BASSARIS,  Licht. 

Bassaris  astvt a.— Civet  Cat. 

Was  seen  on  Snake  River  two  years  ago  by  Scott  Bonham,  an  old  and  expeneooed 
hunter  aud'trapper  in  the  Bighorn  region. 

Of  the  existence  of  this  cat  in  various  parts  of  Montana,  some  ten  or  eleven  yean 
ago,  I  have  been  assured  by  many  miners  and  others  who  bad  observed  them  in  a  state 
of  semi-domestication  in  several  of  the  mining  camps. 
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UXGULATA. 

Family  BOVID^. 

Genus  BOS,  Linn. 

Bos  AMERICANUS,  Gm.— ^w^a?o. 

The  first  buffalo  seen  on  the  trip  was  above  Fort  Keogh,  Mont.,  August  10.  On  Au- 
gust 13  four  o^  five  were  killed  at  Terry's  Landing,  on  the  Yellowstone,  by  members  of 
Captain  Conrad's  company,  Eleventh  Infantry.  Were  abundant  about  Fort  Custer, 
and  were  killed  within  the  boundaries  of  th^  post  twice  dnring^l878. 

The  Crow  Indians  are  now  killing  a  great  many  buffalo,  and  Blackfoot's  band,  num- 
bering about  'SO  lodges,  which  I  saw  encamped  on  the  banks  of  the  Yellowstone  Ri^v^r 
some  distance  below  the  mouth  of  the  Bighorn,  killed  over  400  during  the  months  of 
June  and  July,  1878.  I  saw  the  bones  of  several  lying  on  the  prairie  between  Terry's 
Landing  and  Fort  Custer. 

The  northern  band  of  buffalo  is  rapidly  being  exterminated,  and  this  not  so  much 
by  the  Indian  as  by  the  ^bite  men  who  inhabit  and  pass  through  the  countrv  through 
which  they  roam.  I  have  seen  the  most  reckless  slaughter  of  buffalo  by  white  men, 
when  they  had  no  use  for  and  could  not  even  secure  a  single  one  of  them ;  this  prin- 
cipally by  a  class  of  people  who  travel  on  the  steamboats  plying  between  Bismarck 
and  Fort  Benton,  on  the  Missouri  River,  most  of  whom  are  sane  enough  on  all  other 
points,  bnt  seem  to  think  they  must  endeavor  to  kill  every  buffalo  wituin  sight,  and 
many  a  poor  animal  is  wounded  and  left  to  drag  along  a  miserable  existence  until 
their  wounds  prove  fatal.  This  class  of  people  need  the  application  of  the  law,  which 
if  stringently  applied  in  a  few  instances  would  do  much  to  relieve  the  present  state  of 
affairs,  but  time  and  distance  from  officers  of  the  law  both  serve  to  prevent  such  mer- 
ited punishment.  I  am  pleased  to  note,  however,  of  late^  a  growing  disposition  on 
the  part  of  captains  of  boats  to  put  a  stop  to  the  indiscriminate  shooting  from  their 
vessels. 

The  Indian  understands  and  heeds  too  the.  importance  to  him  of  preserving  and  in- 
creasing the  buffalo,  and  there  is  no  reckless  slaughter  on  his  part.  If  all  the  meat 
secured  on  a  hunt  cannot  be  used  in  its  fresh  state  it  is  preserved  by  drying,  and  comes 
injplay  at  a  future  day ;  and  then,  too,  the  males  of  a  herd  only  are  killed  as  a  rule. 

The  years  the  Indians  can  now  exist  in  their  wild  state  are  numbered  by  the  supply 
of  buffalo,  and  there  can  be  no  doubt  but  that  the  number  of  these  is  being  rapidly 
reduced  each  year.  The  immense  herds  we  used  to  see  and  hear  of  on  the  Missouri 
River  some  ten  years  ago  are  now  unknown,  and  this  very  circumstance,  more  probably 
than  anything  else,  will  bring  the  Indian  in  a  short  time  to  cultivate  the  soil,  which, 
of  course,  he  can  only  do  when  on  terms  of  friendship,  or  at  least  at  peace,  with  the 
whites. 

Family  OVID^. 

Gexis  APLOCERUS.  H.  Smith. 

Aplocerus  columbianus  (Desmont),  Cones. — Bocky  Mountain  Goat. 

On  Pryor's  Fork  of  the  Yellowstone  River  last  October  (1877),  and  about  50  miles 
from  Fort  Custer,  Mont.,  a  herd,  numbering  15  or  20,  was  seen  by  Corporal  Irwin, 
Second  Calvary,  who  succeeded  in  securing  one. 

The  Rocky  Mountain  goat  is  not,  however,  of  very  common  occurrence  throughout 
the  Bighorn  region. 

Genus  OVIS.  Linn. 

Ovi8  MONTANA,  Cuv. — Rocky  Mountain  Sheep,  ^ 

A  fiock  containing  8  or  10  animals  was  seen  on  the  cliffs  opposite  Sherman,  on  the 
Yellowstone  River,  June  6,  1878,  by  Colonel  Brackett,  who  informs  me  that  they  are 
common  in  the  Big  Horn  Mountains. 

Family  ANTILOCAPRIDiE. 
Genus  ANTILOCAPRA.  Ord. 

Antilocapra  AMERICANA,  Ord. — Prong-horn  Antelope. 

Is  common  throughout  the  region  traveled. 

An  interesting  account  of  the  shedding  of  the  homs  of  this  antelope  was  kindly 
famished  me  by  Captain  Read,  Eleventh  United  States  Infantry ,  who  observed  it  near 
Fort  Custer,  Mont.,  in  December,  1877,  in  a  spur  of  the  Big  Horn  Mountains. 
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The  first  occurrence  was  a^^out  December  12.  He  had  shot  an  antelope  that  bad 
shed  one  of  its  horns,  apparently  but  a  very  short  time  before  being  killed,  and  the 
other  horn  came  off  when  he  took  hold  of  it  and  witEout  the  ei^ercise  of  any  force. 

On  a  subsequent  occasion,  during  the  same  month,  both  horns  of  an  antelope  he  had 
killed  were  removed  by  the  use  of  very  little  force,  showing  that  they  were  about  to 
be  shed  by  the  animal. 

Upon  careful  inquiry  among  hunters  and  mountain  men,  I  found  several  who  had 
personal  knowledge  oi  the  shedding  of  the  horns  of  the  prong-horn  antelope,  and  all 
agreed  that  the  event  took  place  in  December,  while  many  men  with  good  opportunities 
for  observing  in  such  cases  seemed  somewhat  surprised  at  my  asking  them  if  they  ever 
knew  of  an  instance  of  this  kind,  replying  in  the  negative,  and  accompanying  it  with 
a  look  that  seemed  to  say  they  thought  me  a  little  "green"  in  such  matters,  and 
wpuld  inform  me  that  the  deer  was  in  the  habit  of  doing  such  things  but  not  the  ante- 
lope. 

Captain  Read's  account  is  interesting  from  the  fact  that  the  entire  horn  was  cast  off; 
the  snedding  of  the  velvet  has  been,  of  course,  long  known,  but  this  is  the  first  instance 
recorded,  so  far  as  I  am  aware,  in  which  the  casting  off  of  the  entire  horn  has  been 
geen  by  a  careful  and  thoroughly  competent  observer.  *    . 

Family  CERVID.E. 

Gexus  CERVrS,  Linn. 

Cervus  CiVNADEXSis,  Erxl. — American  Elk, 

Is  quite  common  in  the  Big  Horn  Mountains ;  a  band  of  about  50  was  seen  on  a  small 
creek  running  into  the  Big  Horn  River  about  15  miles  from  Fort  Custer,  August  8, 
1^78  ;  the  band  consisted  principally  of  cows  and  calves,  as  is  usual  at  this  season  of 
the  year. 

Genus  CARIACIJS,  Gray. 

Cariacus  VIRGINIANU8  (Bodd).    Gray. —  White  tailed  Deer. 

Common  along  the  Yellowstone  River,  and  through  the  Big  Horn  region.  I  saw  a 
very  handsome  mwu  at  Fort  Custer,  Mont.,  that  had  been  brought  into  that  post  by 
Crow  Indians  in  June  1678. 

Cariacus  macrotis  (Say),  QitB,y,^ Black- tailed  Deer, 

Common  on  the  Yellowstone  River,  as  also  in  the  vicinity  of  Fort  Custer  and  along 
the  Big  Horn  Mountains. 

I  suppose  the  question  I  have  of  late  seen  argued  pro  and  con  in  the  columns  of 
**  Forest  and  Stream,"  as  to  whether  the  deer  sheds  his  horns,  may  be  considered  as  set- 
tled in  the  affirmative.  That  such  is  the  case  I  have  been  assured  by  many  good  ob- 
servers, and  can  personally  bear  testimony  to  the  fact. 

MONODELPHIA   INEDUCABILIA. 

CHIROPTEKA. 

Family  VESPERTILIONID/E. 
GEXU8  CORYNORHINUS,  Allen. 

CORYNORHINUS  MACROTIS  (Le  C),  Alien. — Big-eared  Bat, 

A  single  specimen  was  killed  in  an  officer's  quarteirs  at  Fort  Custer,  about  June  15, 
1878,  and  was  identified  by  Colonel  Brackett,  as  C,  nuicrotis, 

1  saw  on  August  28  and  29,  in  camp  on  a  spur  of  the  Big  Horn  Mountains,  several 
bats,  but  none  were  secured.  Accepting  however  Colonel  Brackett's  identification, 
I  refer  them  to  C.  macrotisy  although  it  is  not  at  all  improbable  that  more  than  one 
species  of  bat  occur  in  this  region. 

INSECTIVORA. 
Family  SORICID.E. 

Gkm  8  SOREX,  Linn. 

SOREX  coorERi,  hAch.^Cooper'8  Shrew. 

Is  not  known  to  occur  in  the  region  traveled. 

At  Fort  Sisseton,  Dak.,  where  I  have  been  engaged  in  collecting  during  the  greater 
part  of  three  seasons  past,  Cooper's  shrew  is  quite  common,  and  as  the  following  meas- 
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nrements  have  not  yet  been  pablishecl,  I  inclnde  them  in  this  report,  with  certain  de- 
ductions therefrom  and  comparison  with  Sorex  pachyurus  to  be  found  under  the  head 
of  that  species. 

The  following  measurements  are  of  specimens  taken  at  Fort  Sisseton,  Dak., 
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0.26 

0.45 

0.10 

0.26 

0.45 

0.10 

0.26 

0.45 

0.10 

0.25 

0.41 

0.25 

0.46 

0.25 

0.46 

6.16 

0.27 

0.43 

0.10 

0.27 

0.43 

0.09 

0.25 

0.45 

0  09 

0.25 

0.45 

D.09 

0.27 

0.44 

0.01» 

0.^8 

0.46 

0.10 

0.28 

0.44 

0.08 

0.25 

0.44 

0.08 

0.27 

0.46 

0.08 

0.25 

0.44 

0.09 

0.26 

0.45 

0.09 

0.26 

0.45 

0.09 

0.2S 

0.42 

0.00 

0.25 

0.43 

0.09 

0.27 

0.40 

0.07 

0.26 

0.41 

0.07 

From  the  above  we 
obtain : 

Mean  of  thirty-five  W".     0.31 

Minimum  of  thirty- 
five  cT 0.25 


0.61 

0.81 

2.04 

1.59 

0.26 

0.44 

0.0^ 

0.55 

0.71 

i.eo' 

1.40 

0.24 

0.40 

0.08 
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From  tip  of  noae  to— 


lb 


Length  of — 


No.  I    Sex.    I    Dat«  of  collecting. 


>4 


Maximum  of  thirty-  I 
five  cf '    0. 35 

Mean   of    twenty-  i 
three  $ I    0.32 

Minimum  of  twenty-  i 
three  9 i    0.25 

Maximum  of  twenty- 
three  9 0.38 

Mean  of  58  specimens .      0. 31 


i 

» 


5.a 


o 


c 
E 

•a 


J 

a 


0.74 

0.63 

0.53 

0.74 
0.62 


0.85 

0.80 

0.72 

0.84 
0.80 


3.25 

2.03 

1.90 

2.25 
2.03 


1.95 

1.58 

1.10 

1.80 
1.58 


0.29 

0.26 

0.20 

0.28 
0.26 


0.49 

0.43 

0.37 

0.47 
0.43 


0.10 
0.09 

aoe 
a  10 

0.09 


1.  Specimens  Nos.  373, 413, 429, 583,  and  584  have  been  excluded  from  these  results  for  obvious  reasons. 

2.  Seventeen  specimens. 

3.  Eight  specimens. 

4.  Twenty-five  specimeos. 

The  above  measureinoDts  were  carefully  taken  in  the  flesh  by  myself,  and  agree  with 
results  obtained  by  other  collectors. 

The  winter  of  1877-78  was  an  unusually  mild  one  at' Fort  Sisseton,  and,  in  conse- 
•  quence,  the  collecting  of  small  mammals  could  be  snocessfully  pursued,  and  many 
specimens  of  the  rarer  ones  were  taken,  with  a  comparatively  large  number  of  Sorex 
Cooperi,  the  capture  of  which,  especially  during  the  winter  months,  is  ordinarily  at- 
tended with  considerable  difficulty. 

I  have  had  almost  no  success  in  capturing  this  little  animal  during  the  summer;  the 
few  specimens  secured  at  this  season  have  ueen  taken  alive,  and  endeavors  were  made 
to  keep  them  in  captivity,  in  order  to  observe  certain  important  and  unknown  physi- 
ological conditions,  and  although  I  tried  every  plan  I  could  think  of,  every  one  died 
within  two  days. 

Of  the  habits  of  Cooper's  shrew  I  am  unable  to  say  anything  positive  at  present. 
From  my  observation,  however,  I  believe  the  periods  of  gestation  and  lactation  to  be 
much  longer  than  among  the  species  of  the  nearest  alli^  family.  The  little  animal 
appears  to  be  unable  to  take  care  of  itself  when  in  the  least  difficulty.  Last  summer 
several  pits  were  being  dug  at  the  post,  and  every  morning  two  or  thjree  Cooper's 
shrews  were  found  at  the  bottom  of  them,  running  from  side  to  side,  but  they  never 
attempted  to  climb  out  or  burrow,  and  from  the  latter  circumstance  I  surmise  their 
underground  homes  are  not  dug  to  any  depth. 

Sorex  pachyurus.— i5/iretr. 

Considering  S.  pachynrns  a  perfectly  valid  species,  I  include  below  a  list  of  measure- 
ments of  six  specimens  that  I  am  unable  to  refer  to  auy  other  species  of  Sorex.  These 
specimens  were  t-aken  at  Fort  Sisseton,  Dak.  The  little  mammal  is  not  known  to 
occur  in  the  region  of  the  Big  Horn,  although  I  suspect  that  the  range  of  several  spe- 
cies of  shrews  is  much  more  extended  than  is  now  known. 


From  tip  of  nose  to— 


1 

a 

a 
"A 

.384 

X 

392 

X 

404 

d" 

416 

cf 

410 

cf 

446 

$ 

g^       I    Date  oi  collecting. 


December   1, 1877 

December  15, 1877 

December  24. 1877 

March  5,1878 

March  14,  1878 

March  26, 1878 

From  the  above  is  ob- 
tained— 

Mean  o  f  s  i  x  speci- 
mens  

Minimum  of  six  spec- 
imens  f 

Maximum  of  six  spec- 
imens  


P!3 

0.40 

0.38 

0.40 

0.42 

0.39 

0.40 

0.40 

,0.38 

0.42 


^ 

^ 


0.70 
0.80 
0.73 
0.72 
0.69 
0.77 


0.73 
0.69 
0.80 


0 

o 


C3 

H 


> 


Length  of — 


0.9C 
0.96 
1.01 
0.97 
0.95 
1.00 


0.97 
0.95 
1.01 


2.60 
2.75 
2.55 
2.50 
2.50 
2.45 


2.56 
1.45 

2.75 


1.65 
1.90 
1.60 
1.85 
1.90 
1.90 


1.80 
1.60 
1.90 


4a 

J 

e 

o 


a 

i 


c 

J 

O 


0  36 
0.34 
0.36 
0.34 
0.36 
0.36 


0.35 
0.34 
0.36 


0.52 

0.52 

0.52 

a  14 

0  55 

0.12 

a54 

a  13 

0.57 

.      0.14 

0.54 
0.52 
0.57 


0.13 
a  19 
a  14 
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I  shall  now  proceed  to  compare  these  results  with  six  specimens  of  Sorex  Cooper i 
taken  at  the  same  place,  and  most  of  them  on  the  same  day.  These  six  are  selected 
from  the  preceding  list  of  Sorer  Cooperiy  and  will  be  found  to  be  mature  specimens,  and 
a  fair  comparison  can  therefore  be  jiroperly  instituted  between  them  and  the  specimens 
of  S,  pachurnH. 

Measurements  of  six  sjyechnens  of  S,  tooperi. 


From  tip  of  uoae  to — 


> 


Length  of — 


Sex. 


3^ 
396 
403 
415 
420 
447 


Date  of  collecting. 


0) 

>» 


9 


December    1,1877 0.35 

December  19,  1877 ... .  0.  36 

December  24.  1877 ... .  0.  34 

March    4.  1878 0.34 

March  14,  1878 0  35 

March  26,  1878 0.35 

From   the  above   is 
obtained — 

Mean   of   six   speci- 
mens        0.35 

Minimamof  six  spec- 
imens   I      0. 34 

Maximum  of  six  spec- 
imens         0. 36 


0.70 
0.65 
0.68 
0.65 
0.68 
0.68 


0.80 
0.80 
0.78 
0.76 
0.85 
0.82 


0. 59  0.  80 
0.  65  0.  76 
0.  70         0.  85 


2.25 
2.05 
2.10 
2.00 
2.00 
2.15 


2.09 
2.00 
2.25 


1.65 
1.65 
1.55 
1.70 
1.55 
J.  85 


1.66 
1.55 
1.85 


o 


0.25 
0.26 
0.28 
0.27 
0.27 
0.25 


a 

K 


0.45 
0.45 
0.44 
0.47 
0.47 
0.46 


0.10 
0.10 
0.10 


0.26 
0.25 


0^28 


0.45 
0.44 
0.47 


0.  10 
q.  10 
0.10 


We  thns  see  that  in  only  two  instances  does  the  maximum  of  the  measurements  of 
these  six  specimens  of  S,  Cooperi  exceed  the  minimum  of  the  measurement  of  S.  pach- 
yuruSf  viz,  from  tip  of  nose  to  ear  0. 70  in  S.  Cooperi  toO.  69  in  S.  pachyurm,  and  in  length 
of  tail,  which  in  S,  Cooperi  is  1. 85  a«  against  1.  CO  in  minimum  of  JS.  pachynrus;  and  it 
must  be  borne  in  mind  that  the  specimen  of  S.  Cooperi  showing  this  length  of  tail  is 
an  extreme  case,  nearly  0. 20  of  an  inch  above  the  average  length  of  the  six  specimens 
taken  for  comparison.  All  the  other  measurements  are  below  the  minimum  ones  of 
the  six  specimens  of  Sorex  pachifiirusj  and  the  mean  of  the  specimens  of  S,  Cooperi  is  con- 
siderably below  that  of  S,  pachyurus. 

I  regret  that  the  number  of  specimens  of  S.  xtachyurm  at  my  command  is  not  greater, 
but  I  do  not  believe  that  the  average  measurements  of  a  larger  number  would  give 
results  diifering  materially  from  those  here  obtained. 

To  the  collector  the  difference  between  the  two  species  is  very  striking.  S.  Cooperi 
Is  a  lithe  animal,  and  never  presents  the  heavy,  stumpy  appearance  of  *S'.  pachyurus.  In 
fact,  to  such  an  extent  is  this  the  case  that  I  experience  no  difficulty  in  distinguishing 
the  two  species  on  sight. 

We  thus  find  on  comparing  specimens  secured  at  the  same  time  of  year,  in  the  same 
locality,  and  carefully  measured  in  the  flesh  by  the  same  person,  all  under  precisely 
similar  conditions,  and  then  showing  such  great  differences,  that  we  cannot  but  be 
dealing  with  Uvo  different  species  of  tne  genus  .So)-ejr. 

EODENTIA. 
FAMiLY  ZAPODID.E. 


Genus  ZAPUS,  Coues. 


Zapus  hudsonius  (Zimin.),  C.  &  G. — Jumping  Mouse. 

The  jumping  mouse  is,  perhaps,  as  common  in  the  vicinity  of  Fort  Custer  as  at  most 
places,  as,  so  far  as  is  now  known,  it  is  nowhere  particularly  numerous. 
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Measurements  of  specimens  taken  are  as  follows  : 


Sex. 


^ 

c 

s 

;z5 

196 

cf 

202 

r^ 

206 

(f 

207 

cr49 

210 

? 

211 

9 

212 

c^ 

213 

e 

214 

<S 

221 

cT 

222 

rV 

223 

r-r 

224 

> 

225 

^ 

234 

V 

k. 

235 

.f 

From  tip  of  nose  to — 


Date  of  collecting. 


July  21,  1877 0.42 

August  22, 1877  0.43 

September?,  1877 0.38 

September  7,  1877 0.37 

September  10, 1877 0.40 

September  10,  1877 0.  42 

September  11,  1877 0.  40 

September  11,  1877 0.41 

September  II,  1877 0.41 

Stiptember  19,  1877 0.  35 

September  19,  1877 0.40 

September  21,  1877 0.40 

September  21,  1877 •...  0.40 

September  21.  1877 0.41 

September  24,  1877 0.35 

September  24,  1877 0. 38 


0,84 
0.67 
0.80 
0.75 
0.77 
0.74 
0.74 
0.78 
0.80 
0.73 
0.73 
0.75 
0.72 
0.76 
0.72 
0.76 


s 


u 

9 


Length  of — 


H 


a 

s 


a 


o 


t 

ee 


a 


1.00 

3.10 

5.00 

0.41 

1.06 

0.14 

0.46 

0.96 

3.50 

4.70 

0.41 

1.07 

0.14 

0.46 

1.07 

3.10 

5.50 

0.41 

1.11 

0.15 

0.38 

O.IK) 

2.90 

4.70 

0.36 

1.04 

0.12 

0.36 

1.02 

3.10 

5.10 

0.J9 

1.12 

0.14 

0.43 

1.03 

3.20 

5.  CO 

0.30 

1.08 

0.14 

0.47 

1.02 

3.10 

5.00 

0.41 

1.16 

0.15 

0.44 

1.00 

3.00 

4.80 

0.41 

1.06 

0.14 

0.40 

1.04 

3.00 

5.10 

0.41 

1.16 

0.15 

0.4i 

0.97 

3.10 

5.00 

0.42 

1.07 

0.15 

0.46 

0.97 

3.10 

5.00 

0.39 

1.10 

0.37 

1.03 

3.00 

5,30 

0.45 

1.15 

0.14 

0.39 

0.98 

3.10 

5.  25 

0.40 

1.13 

0.14 

0.38 

0.93 

2.90 

5.00 

0.45 

1.12 

0.14 

0.40 

0.98 

3.10 

5.00 

0.41 

1.13 

0.15 

0.40 

1.03 

3.00 

5.10 

0.41 

1.10 

0.16 

0.40 

Family  MURID.E. 
Subfamily  MURIN.E. 

Genus  MUS,  Linn. 

Mus  MUSCULUS,  Liun. — Common  House  Mouse,  i 

Thus  early  has  the  common  house  mouse  succeeded  in  making  its  way  to  the  Big 
Horn  region.    I  took  several  specimens  at  Fort  Cu^itter  in  August,  1678. 

GExi  8  NEOTOMA,  Say  6i  Ortl. 

Neotoma  cixerea  (Ord.),  Baird. — Rockif  Mountain  Hat. 

Common  along  the  Yellowstone  River  above  Fort  Keogh.  At  Terry's  Landing  on 
the  Yellowstone,  just  abov^  the  mouth  of  the  Big  Horn,  it  was  very  abundant,  and  at 
Fort  Custer  I  heard  complaints  of  the  damage  done  to  the  gardens  by  this  rat  and  of 
its  being  partial  to  watermelons. 

The  mountain  rat  is  a  great  thief,  carrying  oif  almost  everything  it  can  lay  hold  of, 
without  regard  to  the  article  being  of  any  use  to  them ;  thus  I  have  heard  hunters 
and  others  speak  of  its  conveying  their  candles,  ammunition,  socks,  boots,  and  other 
articles  of  clothing  to  a  cache,  and  in  the  majority  of  instances  this  is  the  last  the  per- 
son knows  of  his  property. 

Genus  HESPEltOMYS. 


SuHfiEXUS  VESPERTMUS,  Cones. 

Hesperomys  (Vesperimcs)  leucopus,  Raf. —  IVlnte-footed  Mouse, 

True  H.  leucopus  was  first  met  with  at  Terry's  I^anding  August  13,  and  is  there  very 
abundant,  as  also  the  shorter- tailed  variety  known  as  Sonoriensis. 

At  Fort  Custer  I  found  both  to  be  common ;  in  fact,  they  are  the  characteristic  mice 
of  the  general  region  of  the  Yellowstone  and  Big  Horn. 
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Measurements  of  8::teciilieD8  taken  are  as  follows : 


From  tip  of  Dose  to— 


Sex. 


»• 

^ 

s 

o 

*A 

110 

rT 

37i 

.-r 

375 

,-/ 

376 

.^ 

441 

^ 

455 

9 

486 

.-r 

487 

v 

4f« 

.-^ 

4?5 

.^ 

4% 

.-r 

498 

> 

Hr>9 

w 

860 

861 

ff 

tfi*2 

^ 

*^R5 

rf 

Date  of  collecting. 


March  26.  1877 .*. ..,  0.46 

November  Vi,  1877 0.  r)5 

November  14.  1677  0.  52 

NovemberH.  1877 0.46 

March  86,  1878 0.49 

March  27.  1873 0.48 

June  17,  1878 0.50 

June  21,  1878 0.  50 

June  30,  I87d 0.45 

July  1,1878 0.48 

J  ul'y  1. 1 878 0.  48 

Julys.  lf^76 0.48 

Aujnist  18, 1H78 0.54 

August  18. 1878 0.47 

Aufniflt  18,  1878 0.5.3 

August  18,  1878 0.45 

August  30,  1878 0.60 


9t 


0.93 
0.85 
0.91 
0.82 
0.85 
0.90 
0.90 
0.83 
0.78 
0.85 
0.82 
0.91 
1.00 
0.80 
0.96 
0.78 
0.97 


1. 11 
1.24 
1.19 
1.10 
1.2:J 
1.13 
1.20 
1.09 
1.04 
1.07 
1.07 
1.10 
1.12 
1.04 
1.15 
l.Ol 
1.25 


3.60 
3.40 
3.50 
3.(0 
3.20 
3.40 
3.f0 
2.80 
3.00 
3.00 
2.90 
3.05 
3.20 
2.80 
3.20 
2.75 
3.50 


_     a.' 


length  of — ' 


S 


as  s 


2,(» 
3.00 
3.25 
50 
50 
95 
75 
35 


2, 
2. 
2. 
2. 
2. 


2.25 

2.20 

2.50- 

2.40 

2.90 

2.40 

2.75 

2.50 

3.00 


o 

a 

£ 


0.41 
0.45 
0.44 
U.38 
0.40 
0.40 
0.45 
0.40 
0.37 
0.44 
0.40 
0.34 
0.44 
0.40 
0.43 
0.42 
0.40 


^ 


a 


0.69 
0  81 
0.82 
0.70 
0.71 
0.75 
0.75 
0.68 
0.70 
0.70 
0.70 
0.72 
0.78 
0.71 
0.76 
0.76 
0.78 


0.17 
0.18 
0.15 
0.16 
0.16 
0.15 
0.13 
0.15 
0.14 
0.14 
0.13 
0.18 
0.  15 
0.16 
0.15 
0.17 


,4 


0.53 
0.48 
0.62 
0.  55 
0.53 
0.57 
0.56 
0.53 
0.54 
0..M 
0.55 
0.55 
O.TvO 
0.66 
0.64 
0.56 
0.68 


I  have  not  yet  completed  my  studies  of  the  white-footed  mouse,  and  I  tLerefore  re- 
serve for  a  future  occasion  much  that  I  have  to  say  regarding  it. 

Si'UGENis  ONYCHOMYS,  Baird. 


Hesperomys  (Onychomys)  LEUCOGA8TER  (Maxim.),  Baird. — Missoini  Mome. 

A  specimen  was  secured  September  I,  1878,  at  Fort  Cusier,  Mont.  On  the  morning 
of  the  date  above  mentioned  Colonel  Brackett  called  my  attention  to  the  very  strauge 
scene  of  an  encounter  between  this  mouse  and  a  young  hen.  The  endeavors  of  the 
'raouse  to  escape  the  pecks  of  the  hen  were  linally  successful,  and  it  succeeded  in  mak- 
ing its  way  uuder  a  board,  from  which  place  it  was  taken  in  a  dying  condition. 

This  occurrence  of  the  Missouri  mouse  at  Fort  Custer  extends  our  Knowledge  of  the 
geographical  range  of  this  species  very  materially,  as  it  is  now  known  to  range  from 
Fort  Sisseton,  on  the  Coteau  des  Prairies  of  Dakota  Territory,*  westward  beyond  the 
Yellowstone  River. 

The  specimen  taken  at  Fort  Custer  measured  as  follows : 

No.  887  ^ ,  collected  by  Dr.  C.  E.  McChesney. 

From  tip  of  n-  se  to  eye 0.  .58 

From  tip  of  nose  to  ear 1. 11 

From  tip  of  nose  to  occiput 1.47 

From  tip  of  nose  to  tiiil , 3.80 

Tail  to  end  of  vertebne 1.  IW 

Liength  of  fore  foot 0.  46 

Length  of  hind  foot 0. 84 

Height  of  ears , 0.  .'w 

Width  of  palms 0.17 

Longest  whiskers 1.  34 

Fort  Custer,  Mont.,  September  1,  1878. 

I  include  the  measurement  of  additional  specimens  of  this  little-known  mammal 
taken  at  Fort  Sisseton,  Dakota,  since  the  issue  of  my  notes  referred  to  and  now  published 
for  the  first  time. 

*  See  rav  notps  ou  the  marnmals  of  Fort  Si'iseton.  Dakota,  in  K  illutiu  Uaitei  States  Geological  and 
Creographical  Survey  of  the  Territories,  Vol.  iv,  No.  1,  pp.  205.  :;06.  and  207. 
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From  tip  of  nose  to— 


Sex. 


Number 

i 

233 

d 

480 

d" 

ASS 

9 

4e9 

9 

490 

rf 

401 

? 

499 

rf 

500 

9 

Date  of  coIlectiDg. 


o 

> 

"S  2 
a  h 

S2 


LeDgthof — 


O 


•a 


49. 


September  24,  1877 0.54  1.  07  1. 35  4. 30  1  1. 60  0.  50 

I  Mav  17,  187c' .* 0.52  §.94  1.21  3.  60  1.  85  |  0.  55 

June2l.  1878 O.CO  1.07  1.44  4.00  a.  80  0. 60 

I  June  22,  187:? 0.57  1.03  1.37  4.10  1.80  CM 

,JuDe2o,1878 0.53  1.02  1.  3^:^  4.  00  1.  80  ,  0.  53 

June30,  1878 0.53  1.00  1.31  3. 75  1.  50  I  0.  53 

i  Jnly  4,  1878 0.58  l.ll  1.39  4.00  1.75  0.47 

i  July  G,  1878 0.51  0.91  1.28  3.  50  1.  65  ,  0.  47 

!  From  the  above  i8  ob-  ' 

I        tained —  i 

'  Mean*  of  seven  speei-  , 

I      mens 0.55     1.03    1.35     3.95t    1.73     0.53 

Mean  of  twelve  speci-  j 
{      mens  before  taken  at 

FortSisseton 0.56     1.03     1.33     4.25     1.73  1  0.52 

I  Minimum  of    nineteen 

I      specimens 0.45     0.90     1.20     3.60     1.17     0.41 

i  Maximum   of   nineteen  *  ' 

'      specimens i  0. 63     1. 20     1.  44     4. 90  I  2. 00     0.  63 


J 

a 

5 


0.64 
0.84 
0.86 
0.86 
0.87 
0.87 
0.86 
0.86 


0.86 

0.85 
a78 
0.90 


s 

s 
-a 

9 


^ 


1.40 
1  21 
1.18 
1.23 
1.18 
1.25 


0.18 
a  19 
0.23 
0.22 
aS3 
0.9) 
0.21 
0.20 


J3 


oe 


1.24    a  21      ad 

0.21     as 

1.18    a  18  I  a44 

! 
1.40     0.23      a67 


*  No.  500  excluded  on  account  of  age. 

f  This  mean  differs  0.30  of  an  inch  from  that  of  the  12  specimens,  which  is  probably  to  be  accounted 
for  bj  the  immaturity  of  specimens  Nos.  480  and  491,  which  it  would  be  better  to  exclade. 

Subfamily  ARVICOLIN^. 
Genus  ARVICOLA.Lac^pide. 
Si'BGEXUS  PEDOMYS.  Baird. 

Arvicola  (Pedomys)  austerus  curtatus,  Cope,  Baird. — Prairie  Meadow  Mou^e, 

A  specimen  of  var.  curtatus^  captured  in  the  grain-honse  at  Fort  Ca^r,  apring  of 
1878,  was  forwarded  by  Colonel  Brackett  to  the  Smithsonian  iDstitntion,  where  it  w« 
identified  by  Professor  Baird. 

I  did  not  succeed  in  taking  any  specimens  of  this  moase,  and  I  do  not  think  it  is  at 
all  common  in  the  Big  Horn  region. 

Gents  FIBER,  Cnvier. 

Fiber  zibethicus  (Linn.),  Cny'ieT.-^Muskrat, 

Occurs  in  small  numbers  on  the  Little  Horn  River  above  Fort  Custer  Mountain,  and 
is,  perhaps,  to  be  found  in  other  of  the  mountain  streams  of  the  Big  Horn  region,  hot 
on  account  of  the  presence  of  the  mink,  and  perhaps  of  other  enemies,  it  is  not  com- 
mon in  this  section. 

Family  GEOMYID.E. 
Genus  TH0M0MY8,  Maxim. 

Thomomys  talpoides  (Rich.),  Baird. — Fort  Union  Gopher. 

Saw  the  mounds  of  pouched  gophers,  which  probably  belonged  to  this  species,  cross- 
ing from  Custer  to  Fort  Ellis  Mountain.    No  specimens  were  taken. 

Family  SCIURID.E. 


SciURUS  HUDSONius,  Pallas.— 7?e(?  Squirrel, 
Occurs  in  numbers  in  the  Big  Horn  region  wherever  there  is  pine  timber. 

Tamias  striatus,  hmn.— Chipmunk. 

Is  common  in  the  blulis  and  around  the  pine  trees  near  Fort  Caster  Moantjiin.    Var. 
quadrivittatus  1  believe  to  be  represented  in  the  region  of  the  Big  Horn. 
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Spermophilus  tridecem  lineatus  (Mioh.)i  And.  and  BsLch^—SUHped  Prairie  Squirrel, 

Is  common  at  the  month  of  the  Yellowstone  River^  and  along  that  stream  as  far  as 
Fort  Keogh,  after  leaving  which  point  it  appeared  to  rapidly  diminish  in  nnmbers,  and 
I  saw  none  aronnd  Fort  Cnster,  or  on  the  trip  to  Fort  Ellis,  although  it  donbtless 
occnrs  through  that  section,  though  perhaps  in  small  numbers. 

GEXU8  CYNOMYS,  Raf. 

Cyxomys  ludovicianus,  Baird. — Prairie  Dog, 

Saw  quite  a  number  August  14, 1878,  on  the  high  land  above  Terry's  Landing  on  the 
Yellowstone  River,  and  aUo  along  the  road,  at  intervals,  to  Fort  Custer,  where  the  ani- 
mals are  to  be  seen  on  every  pleasant  day  frolicking  about  the  parade-ground. 

Colonel  Braokett  informed  me  that  they  were  out  of  their  holes  on  every  fine  day 
during  the  winter  of  1877-78  at  Fort  Custer,  and  that  in  the  spring,  when  the  severe 
snow  and.  rain  storm  of  March  flooded  the  parade  ground,  the  dogs  became  very  tame 
and  went  into  the  men's  quarters  for  shelter^  even  eating  in  the  barracks  almost  out  of 
the  men's  hands. 

I  have  seen  many  attempts  made  to  domesticate  the  prairie  dog,  but  none  that  were 
thoroughly  successful,  as  they  seemed  ever  ready  to  bite  on  the  slightest  provocation 
and  to  return  to  their  wild  state. 

Genus   ARCTOMYS,  Schrober. 

Arctomys  FLA VI venter,  Aud.  and  Bach. — YeUow-heUied  Marmot, 

Are  common  in  the  vicinity  of  Fort  Custer,  where  their  holes  may  be  seen  in  lar^e 
numbers  on  the  hills  south  of  the  Little  Horn  River.  Also  found  in  numbers  in  the  Bi^ 
Horn  Mountains. 

Family  CASTORID^. 
Genus  CASTOR,  Linn. 

CASTOk  CANADENSIS,  Kuhl. — American  Beaver, 

Evidences  of  the  presence  of  the  beaver  were  numerous  all  along  the  Missouri  River 
from  Bismarck  to  Fort  Buford,  and  also  along  the  Yellowstone  River  from  the  latter 
place  to  Terry's  Landing,  from  July  25  to  August  14.    I  saw  trees  from  12  to  18  inches* 
through  that  had  been  entirely  cut  off  by  the  beavers.    Is  common  on  the  Big  and  Little 
Horn  Rivers. 

I  was  informed  at  Fort  Custer  that  many  beaver  skins  had  been  brought  into  that 
post  for  trade  in  the  spring  of  1878,  and  were  taken  by  trappers  in  the  vicinity  of  the 
post,  along  the  Big  and  Little  Horn  Rivers.  Several  young  were  brought  to  Fort 
Custer  for  trade  by  the  Crow  Indians  May  29,  1878. 

Family  HYSTRICID.E. 
Genus  ERETHIZON,  F.  Cavier. 

Erethizon  epixanthus,  BTSkndt.— Yellow-haired  Porcupine, 

A  large  and  fine  animal  of  this  species  was  seen  by  Captain  Spaulding,  Second 
Cavalry,  near  the  banks  of  the  Little  Horn  River,  about  two  miles  from  Fort  Custer, 
August  1,  1878,  and  another  was  seen  the  latter  part  of  May  in  the  Bad-lands,  about 
20  miles  from  Fort  Custer,  near  the  mouth  of  Rotten  Grass  Creek. 

Family  LEPORIDJE. 
Genus  LEPUS,  Linn. 

Lepus  campestris.  Bach. — Xorthei-n  Prairie  Hare, 

Occurs  in  small  numbers  throughout  the  Big  Horn  region ;  several  were  shot  at  Fort 
Custer  in  the  spring  of  1878. 

Lepus  sylvaticus,  Bach. — Gray  Babbit, 

Is  common  all  along  the  Big  Horn  River,  from  Terry's  Landing  to  Fort  Custer  and 
above  that  post. 

I  also  found  it  abundant  amon^  the  pines  in  a  spur  of  the  Big  Horn  Mountains  Au- 
gust 27  and  28, 1878.  I  believe  this  rabbit  to  be  abundant  throughout  Montana  and  ad- 
jacent country. 
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In  the  vicinity  of  Fort  Caster  I  foand  that  this  rabbit  lived  id  barrows  almost o- 
clusively,  coming  out  dnring  the  dav-time  for  their  airiag,  aad  when  distarbed  awij 
from  their  holes,  concealiDg  themselves  uoder  a  coDvenieut  lumber  pile,  from  whkl 
they  were  frequently  taken  alive  by  some  euterpriaing  cook,  jast  in  the  niek  of  tioie 
to  be  served  at  the  coming  meal. 


CHAPTER    II. 


Birds. 


Order  PASSERES. 


Family  •TURDID.E. 

Tl'KUUS  MiGRATORiirs,  Linn. — Robin, 

Colonel  Brackett  informs  me  that  the  robin  is  quite  abundant  at  Fort  Custer  in  the 
spring-time,  and  that  it  breeds  in  that  vicinity.  I  met  with  none  in  the  immediite 
vicinity  of  that  post,  but  saw  several  about  the  middle  of  September,  while  on  the 
road  to  Fort  Ellis,  Montana. 

TuRDUS  N.KVius,  Gm. —  Varied  Thrmh. 

August  20f  187H,  I  found  this  thrush  in  numbers  in  the  timber  along  the  Big  aod 
Little  Horn  Rivers,  near  Fort  Custer. 

Si)ecimen  No.  8<)6  <J  furnish  the  following  measurements:  IH.OOx  10.00;  wing,5.00; 
tail,  3.70;  tars.,  1.32  ;  middle  toe  and  claw,  1.11;  bill,  1.67. 

TuRDUS  SWA1X80NI,  Cah.—OUv€  hack  Thrush, 

Seen  in  a  spur  of  the  Big  Horn  Mountains  August  30  in  some  numbers.     I  beliere  ' 
the  olive-back  thrush  breeds  in  this  region. 

Oroscoptes  montanus,  Towns. — Mountain  Mm^Jcing-bird. 

1  did  not  find  the  mountain  mocking-bird  at  all  as  common  as  I  expected  in  this 
region.  I  saw  a  few  in  a  spur  of  the  Big  Horn  Mountains  August  28,  29,  »nd  :)0.  m 
alHo  in  crossing  to  Fort  Ellis  in  September,  but  they  did  not  seem  to  be  present  in  aoj 
numbers ;  but  I  doubt  not  it  is  far  more  abundant  earlier  in  the  season. 

MiMUS  CAR0LINENSI8  (Liuu.),  Gr.— Catbird. 

A  few  were  seen  along  the  Yellowstone,  below  Fort  Keogh,  Montana,  bat  above  thtt 
post  I  did  not  meet  with  this  bird,  and  I  do  not  believe  it  ascends  that  river  to  aur 
great  distance.  It  was  very  common  along  the  Missouri  at  and  above  Bismarck,  and 
it  probably  advances  with  or  slightly  ahea4  of  civilization,  although  I  have  met  with 
it  it  in  small  numbers  far  inla  nd  in  suitable  localities ;  still,  for  the  most  part^  the  est- 
bird  prefers  to  be  near  man's  habitations. 

Harporhynchus  rufus  (Linn.),  Cab.— -Prowii  Thrush, 

Three  thrashers  were  seen  August  27  and  28  in  a  spur  of  the  Big  Horn  Moan  tains; 
but,  as  elsewhere  in  mv  experience  with  this  bird,  I  found  them  very  shy. 
Specimen  No.  67J  ,^  furnishes  the  following  measurements:  13.25x11.50;  wing,  4.23; 
il,  5.30 ;  bill,  1.13;  middle  toe  and  claw,  1.13. 
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Family  SAXICOLID^. 


SiALiA  ARCTIC  A,  Sw.— J  rc«c  Bluebird. 

In  the  pine  region  I  found  this  bluebird  to  be  very  common.  Observed  in  a  spar  of 
the  Big  Horn  Mountains  August  27,  28,  and  29,  and  also  crossing  to  Fort  Ellis,  MontanSr 
in  September.    Doubtless  breeds  in  the  pines  of  the  Bighorn  region  in  large  numbers. 

Specimens  collected  furnish  the  following  meastirements : 

No.  877  <^,  12.50x6.60;  wing, 4.25;  tail, 2.57;  tars., 0.93;  middle  toe  and  claw,0^; 
bill,0..V2. 

No.  878  9,13.00x6.90;  wing, 4.50;  tail, 2.65;  tars., 0.94;  middle  toe  and  c\aw,Oj^; 
bill,  0.5:}. 
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Family  CINCLID.E. 

CixcLUS  MKXJCANUS,  Sw. —  JVater  Ouzel. 

From  the  acconnta  of  banters  and  trappers  the  water  onzel  is  found  in  the  streams 
in  the  Bi^  Horn  Mountains.  A  bird  behaving  very  strangely,  they  tell  me,  is  occasion- 
ally seen  in  that  region,  which,  from  their  description  of  its  actions,  can  be  no  other 
than  C.  mexictinns. 

Family  PAKID.E. 

Parus  atricapilll's,  L.  var  septentrionalis,  Harris. — Long-tailed  Chickadee. 

August  20  at  Fort  Custer  I  secured  several  specimens  of  the  long-tailed  chickadee  in 
the  woods  along  the  Little  Horn  River ;  observed  them  in  the  pine  region  in  large 
nnmbers ;  in  fact  they  were  the  characteristic  bird  of  the  pines  at  the  time  of  my  visit 
the  latter  part  of  August.    I  doubt  not  they  breed  in  this  region. 

The  specimens  secured  measure  as  follows : 

No  868  9 ,  8.50x5.60.  Wing,  2.80 ;  tail,  3.00 ;  tars.,  0.72;  middle  toe  and  claw,  0.54  ; 
l>ill,  0.39. 

No.  876  ^,  8.65x5.50.     Wing,  2.70;  tail,  2.75;  tars.,  0.73;  middle  toe  and  claw,  0.63. 

Parus  montan us,  Gamb. — Mountain  Chickadee. 

I  did  not  meet  with  the  mountain  chickadee  anywhere,  but  it  is  known  to  inhabit 
the  general  region  under  consideration.  All  the  specimens  of  chickadees  taken  seemed 
to  be  referable  to  the  precediug  variety. 

Family  SITTID^. 

SiTTA  CAROLlNENSis,  Gm.— -Carolina  Xuthaich, 

In  a  spur  of  the  Big  Horn  Mountains  August  29  I  secured  a  single  specimen  of  true 
aS.  CarolinensiSf  as  per  measurement  of  bill.    This  was  the  only  bird  of  the  species  seen. 

No.  880  ^ ,  10.00 X5.30.  Wing,  3.45 ;  tail,  1.90 ;  tars.,  0.67 ;  midd le  toe  and  claw,  0.74  ; 
hill,  0.69;  at  base,  0.17. 

Family  TROGLODYTID.E. 

Salpinctes  obsolktus,  Say. — Hock  IVrcn. 

The  rock  wren  was  observed  in  small  numbers  while  crossing  from  Custer  to  Fort 
Ellis  in  September. 

Troglodytes  aKdon  V.  var.  parkmaxni,  (Aud.)  Coues.— /rc^^erw  IJou/te  Wren, 

August  20,  saw  several  western  house  wrens  in  the  woods  along  the  Little  Horn 
Kiver,  near  Fort  Custer,  Montana. 

Family  ALAUDID.E. 

Eremophila  alpestris  (Forst.),  Boie. — Homed  Lark. 

Colonel  Brackett  informs  me  that  this  bird  was  abundant  at  Fort  Custer  during  the 
winter  of  1879  and  1878,  and  in  the  spring  of  1878.  I  observed  it  every  day  during  the 
entire  period  of  my  stay  at  Custer  in  August  and  September  and  consequently  I  infer 
that  the  bird  is  resident  in  the  Big  Horn  region. 

Measurements  of  specimen  No.  601  ^  ;  13.00x7.50;  wing,  4.12;  tail,  3.00. 

Family  MOTACILLID.E. 

Nkocorys  spraguei,  Sclat. — Missouri  Skylark. 

I  observed  but  one  bird  of  this  species  on  the  entire  journey,  and  that  one  was  seen 
when  crossing  from  Custer  to  Fort  Ellis,  in  September. 

Family  SYLVICOLID.E. 

Dendroeca  JtiSTiVA  (Gm.),  Bd.Snmmer  Yellotvhird. 

The  summer  yellowbird  was  everywhere  abundant.  From  Bismarck  up  the  Missouri 
and  Yellowstone  Rivers  and  throughout  the  Big  Horn  region  it  was  the  most  common 
of  all  the  birds  met  with. 

Specimen  No.  869  9   measures  as  follows:  8.00x5.10;   wing,  2.40;  tail,  l.f^5;  tjirs., 
0.80;  middle  toe  and  claw,  0..55  ;  bill,  0..37. 
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Dendrceca  auduboni,  Towns. — Auduhon^s  Warbler, 

Among  the  pinett  in  a  spur  of  tbe  Big  Horn  Mountains,  An^st  27, 28,  and  29, 1  fcn^ 
this  warbler  in  numliers.    It  was  not  observed  elsewhere  on  the  expedition. 

No.  875  <?,  8.60x5  50;  wing,  3.00;  tail,  2.35;  tars.,  0.83;  middle  too  and  claw, aft: 

Specimens  secured  furnish  the  following  measurements: 
bill,  0.45. 

No.  879  5,8.70x5.60;  wing,  3.00;  tail,  2.35;  tars.,  0.85;  middle  toe  and  claw,  0.©: 
bill,  0.47. 

ICTERIA  VIREXS  (Linn.),  Bd. —  YvUoic  breasted  Chat, 

Was  observed  several  times  in  September  on  the  journey  from  Fort  Custer  to  Fort 
Ellis,  Mont. 

Family  HIRUNDINID.E. 

HiRUNDO  IIORREORUM,  Barton. — Barn  Swallow. 

Is  not  common.  A  few  specimens  were  secured  along  the  Little  Horn  River,  sear 
Fort  Custer.     I  also  ob8erve>d  it  occasionally  along  the  Yellowstone  River. 

Specimens  measure  as  follows: 

No.  643  <J,  12.70x5.70;  wing,  4.55;  tail,  3.80;  tarsus,  0.45;  middle  toe  and  claw,  0^7: 
bill,  0.25. 

No.  867  <J,  13.00x6.10;  wing,  4.90;  tail,  3.35;  tarsus,  0.50;  middle  toe  and  claw,  0.60; 
bill.  0.30. 

Petrochelidon  LUNIFRON8  (Say),  C&h,— 'Cliff  Simllow, 

Was  very  common  along  the  Yellowstone  River,  between  Fort  Keogh  and  Terras 
Landing.  The  nests  of  these  birds  were  seen  in  great  numbers  on  the  cliffs  overhang- 
ing the  river  banks.  Often  a  favorable  place  would  be  thickly  covered,  and  I  hare 
seen  where  their  nests  extended  nearly  half  a  mile  with  scarcely  a  bare  spot. 

Specimens  secured  measure  as  follows : 

No.  645,  ^  12.50x5.70;  wing,  4.18  ;  tail,  1.94. 

No.  646,  9  12.50x6.20;  wing,  4.05;  tail,  2.10. 

COTYLE  RIPARIA,  Linn. — Bank  Swallow, 
Occurs  in  considerable  numbers  throughout  the  Big  Horn  region. 

Frogne  PURPUREA  (Linn.),  Boie. — PurpU  Martin. 

Is  not  common  in  this  region.  A  single  pair  only  were  seen  along  the  Yellowstone 
River  August  9.  " 

Family  AMPELID.E. 

Ampelis  cedrorum,  (V.),  Bd. — Cedar  Bird. 

Was  observed  along  the  Yellowstone  River  above  Fort  Custer  iu  September,  as  also 
among  the  pines,  though  not  in  any  numbers. 

Family  VIRE0N1D.E. 

ViREO  80UTARIUS,  Wi\B,—Solit<iry  Vires. 

Seen  August  30  in  small  numbers  among  the  pines  in  a  spur  of  tbe  Bhr  Horn  Mouot- 
ains.    One  specimen  only  was  secured  representiug  the  pale  variety.      ** 

No.  886  <J,  9.95x5.70;  wing,  3.25;  tail,  2.28;  tarsus,  0.80;  middle  toe  and  claw,  0.63; 
bill,  0.41 ;  spur  quill,  0.60.  ' 

Family  LANIID.E. 

CoLLURio  LUDOViciANUS,  L.  var.  EXCuniTORiDES,  Sw.— Jr/n7e-r«Mip«?  Shrilr, 
Was  observed  in  the  mountains  in  some  numbers. 

Family  FRINGILLID.E. 

Leucosticte  tephrocotis,  Sw. — Gray-crowned  Finch, 

In  a  letter  recently  received  from  Col.  A.  G.  Brackett,  United  States  Armv  dated 
Fort  Custer,  January  26. 1879,  he  says :  '^  In  November  last  I  saw  some  gray-crowiMd 
finches  at  Fort  Keogh,  and  on  the  2d  of  January  saw  quite  a  large  llock  aeie." 

I  can  readily  understand  the  appearance  of  this  bird  at  Fort  Custer  in  January,  m 
such  is  in  accord  with  the  testimony  of  the  majority  of  observers,  but  its  occarreocc 
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at  Fort  Keogh  in  November  is  au  interestiDg  observation,  as  the  altitude  of  that  post 
is  much  less  than  that  of  Fort  Caster,  and  the  natural  ronte  of  the  bird  to  Fort  Keogh 
shonld  be  by  way  of  Fort  Custer,  bnt  carefnl  search  may  yet  show  it  to  be  nearly  resi- 
dent in  the  Big  Horn  Moantains.— C.  £.  McC,  Fort  Sisseton,  D.  T.,  March  1,  1879. 

CifRYSOMiTRis  TRI8TIS  (Linn.),  Bp. — Thistle  Bird, 

Observed  along  the  Yellowstone  River,  August  13,  1B78.  Colonel  Braokett  informs 
me  it  is  quite  common  along  this  river  during  the  summer  months.  On  August  24  I  saw 
a  great  many  at  Fort  Custer,  and  all  the  adults  were  in  the  September  plumage,  bat 
the  birds  of  the  year  had  not  yet  andergoue  this  change. 

Chrysomitris  pixus,  Wils.— Pirt«  Finch, 

Was  seen  in  small  numbers,  crossing  from  Fort  Custer  to  Fort  Ellis,  in  September. 

PLKCTROPnANES  NIVALIS,  Meyer.— 5'moii7  Bunting. 

Throngh  the  kindness  of  Colonel  Brackett,  I  am  able  to  add  the  snow  bunting  to 
the  list  of  birds  of  the  Big  Horn  region.  In  a  letter  dated  Fort  Custer,  Mont.,  April  11, 
1879,  he  informs  me  that  snow  buntings  were  observed  there  during  the  latter  part  of 
the  winter,  the  Brst  he  had  seen  in  that  region. — C.  £.  McC,  Fort  Sisseton,  May  13, 
1879. 

Plkctrophanks  ornatus.  Towns. — Chest nut-coUured  LongHpnr, 

1  saw  a  nnmber  of  quite  large  flocks,  from  40  to  100  birds  in  each,  early  in  Septem- 
"ber.    They  had  evidently  just  arrived  from  the  north. 
Specimen  No.  615,  ^  10.75x6  00. 
Specimen  No.  616,  <?  10.50x6.00. 

PoOECETES  GRAMINEU8,  Gm.  var.  COS viy IS f  Bd.^  IVcstern  Grass  Finch, 

Throughout  the  whole  of  the  Big  Horn  region  this  finch  is  very  common.  Breeds 
over  its  entire  range. 

8PIZRLLA  MONTicoLA  (Gm.),  Bd. — Tre€  Sparrow. 

I  did  not  find  the  tree  sparrow  at  all  common.  A  few  were  seen  on  the  road  from 
Terry's  Landing  to  Fort  Coster,  bat  1  did  not  meet  with  it  either  on  the  Yellowstone 
or  the  Big  Horn  Rivers. 

Secimen  No.  605  furnishes  the  following  measurements :  9.37x6.38 ;  wing,  3.00;  tail, 
3.00. 

Spizella  socialis  (Wils.O,  Bp.  var.  ArizonJ::,  Cones. — Arizona  Chipping  Sparrow. 

I  did  not  meet  with  this  bird  along  the  wooded  streams,  but  in  a  spar  of  the  Bljg 
Horn  Moantains,  August  29, 1  saw  quite  a  number.  On&  specimen  only  was  secored^ 
the  measurements  of  which  are  as  follows: 

No.  884<y,  8.50+5.20;  wing,  2.70;  tail,  2.50;  tarsus,  63;  middle  toe  and  claw,  62; 
bill,  0.35;  at  base,  0.20. 

Spizella  paluda  (Sw.),  Bp. — Clay-colored  Sparrow, 

Was  quite  common  in  the  bottom  north  of  Custer,  where  I  observed  it  in  August  and 
September. 

Chonde.stes  grammaca,  Say. — Lark  Finch, 

Is  quite  common  among  the  pines  in  the  mountains,  where  I  saw  a  great  many,  Aa- 
^ast  29. 

Specimen  No.  883  cT.  measures  as  follows :  10.50  x  6.30;  wing,  3.30 ;  tail,  2.68 ;  tarsns, 
0.79;  middle  toe  and  claw,  0.77 ;  bill,  0.47 ;  at  base,  0.30. 

Calamispoza  bicolor  (Towns.),  Bp. —  IVhite-ivinged  Blackbird. 

Occurs  throughout  the  region  of  the  Big  Horn  in  numbers  during  August ;  migratory. 

PiPiLE  MACULATU8  var  ARTICA,  Sw. — Arctio  Towhec. 

I  saw  but  a  very  few  arctic  towhees  at  Fort  Custer.  August  24  I  secured  a  specimen, 
and  another  was  taken  on  the  30th  in  a  spur  of  the  Big  Horn  Mountains. 

No.  874^,  measures  as  follows:  10.55  x  8.00;  wing,  3.30;  tail,  3.60;  tarsus,  1.13; 
middle  toe  and  claw,  1.06 ;  bill,  0.52. 
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Family  ICTERID.E. 

DoLicnoNYX  ORYZIV0RU8  (Linn.),  Sw. — Ric^  Bird. 

The  rice  bird  I  did  not  find  to  be  at  all  common  in  the  Big  Horn  region.  Afeww 
seen  on  the  Yellowstone,  August  13. 

It  is  possible  that  this  bird  had  bred  and  taken  its  departure  before  my  arriral  g 
Fort  Custer. 

Specimens  taken  measure  as  follows : 
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MOLOTHRUS  ATER  (Gm.),  Sw. — Cowhlrd, 

Was  very  common  along  the  Yellowstone  River  and  at  Fort  Caster,  Mont. 
No.  614  9 }  measui-es  in  extent  13.50 ;  length,  8.50. 

Agkl^us  ph(ENICEUS  (L.)^yie\\L—Red-iDinged  Blackbird. 

Was  not  seen  above  Bismarck  on  the  Missouri,  and  I  do  not  believe  this  blackblrc 
enters  the  Big  Horn  region. 

Sturnella  magna  (L.),  Sw.  var.  xeglecta  (And.),  Allen. —  IVe^tern  Fieldlark. 

The  western  fieldlark  I  found  everywhere  very  common,  especially  so  along  ti« 
Yellowstone  River  above  Fort  Custer,  where  it  had  already,  September  10th,  con|w- 
gated  in  tiocks,  and  were  probably  about  to  depart. 

Specimens  taken  measure  as  follows: 

No.  608x16.50x9.50. 

No.  609x16.75x10.00. 

No.  610x15.75x9.75. 

Icterus  jiullockii,  Bp.--i/«?/ocfc'«  OrioU. 

In  a  letter  dated  Fort  Custer,  Mont.,  June  7,  1879,  Colonel  Brackett  kindly  cooveji 
to  me  information  of  the  occurrence  of  this  oriole  at  that  post  on  that  date,*^  and  tki 
he  also  observed  on  that  day  a  golden  eagle. 

I  have  no  doubt  but  that  Bullock's  Oriole  breeds  in  the  Big  Horn  region. 

This  raises  the  number  of  Icteridse  to  7,  and  the  total  to  103.^-C.  E.  McC,  Fart 
Sisseton,  June  26,  1879. 

ScOLECOPHAGUS  CYANOCEPHALUS  (Wagl.),  Cdk^.—Bhte'lieaded  Gra4:kle. 

Was  observed  at  Fort  Custer  on  September  7  in  large  nnmber ;  was  not  seen  el.««^ 
where ;  the  birds  made  their  appearance  at  Custer  on  the  morning  of  September  7.  ts^ 
must  have  come  some  distance,  as  I  had  not  previously  met  with  them  in  the  geixnl 
region.    They  had  not  taken  their  departure  when  I  left  the  post  on  the  9th. 

QuiscALUS  PURPUREUS,  (Bartr.)  Licht. — Purple  Grackle. 

Was  observed  in  numbers  at  nearly  every  wood-yard  on  the  Yellowstone  above  F«» 
Keogh ;  was  common  at  Fort  Custer ;  in  fact  wherever  there  were  signs  of  civiliiatw- 
the  purple  grackle  was  to  be  found. 

Specimen  No.  612  $  measures  16.75  in  extent  and  12.50  in  length. 

Family  CORVID.E. 
CORVUs  CORAX,  Iamu.— Raven. 

Was  seen  in  large  numbers  on  the  Yellowstone  above  Fort  Keogh,  Mont.,  *s  *!-*•' 
at  Terry's  Landing.  In  the  vicinity  of  Fort  Custer  is  common.  Breeds  thronglMK* 
this  portion  of  its  range. 

Specimen  No.  665  $  measures  as  follows:  40.00x22.25;  wing,  13.00;  tail  7.00;  bil 
2.61 ;  at  base,  l.^ZO. 
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CoRVUS  AMERICAN  us,  And.— Common  Crow, 

The  common  American  crow  was  met  with  September  9tb  in  large  numbers  near 
Baker's  battle-field. 

PICICORVUS  C0LUMBiANUS(Wil8.),  Bp.— C/arA's  Crow. 

I  met  with  Clark's  Crow  only  in  the  mountains,  where  I  saw  a  great  many  August 
28,  29,  and  aO,  1878. 

Pica  melanoleuca  Vieill.  var  hudsonica,  ^sih.— American  Magpie, 

The  first  magpies  observed  was  on  Angnst  13,  crossing  the  high  table  land  between 
Terry's  Landing  and  Fort  Custer,  Mont.,  where  they  were  found  in  numbers,  common 
throughout  the  mountainous  portion  of  the  Bi^  Horn  region. 

I  heard  the  same  complaints  of  the  damage  done  by  this  bird  to  sore-backed  animals 
here  as  elsewhere,  and  round  it  to  be  universally  despised  by  the  mountaineers,  none 
of  whom  ever  had  a  good  word  to  say  for  it. 

•  Family  TYRANNID.E. 

Tyranxus  CAR0LINEN8IS  (L.),  ^iX.—Einghird. 

Was  very  common  along  the  Yellowstone  KWer  in  August  and  at  Fort  Custer  in 
September. 

The  kingbird  appears  ever  ready  to  exhibit  the  pugnacious  character  from  which  it 
has  received  its  name.  I  have  many  times  seen  it  sally  forth  from  a  quiet  perch  and 
fearlessly  attack  the  largest  birds  of  prey,  and  although  it  would  frequently  alight  on 
their  backs,  I  do  not  believe  that,  while  it  may  have  annoyed,  it  did  any  real  damage, 
as  it  soon  leaves  its  seat,  and  the  larger  bird  does  not  appear  to  pay  any  particular  at- 
tention to  the  circumstance  from  beginning  to  end. 

Specimens  secured  furnished  the  following  meiisureroents : 

No.  6:53  9  14.85x8.45;  wing,  4.63 ;  tail,  3.35;  tarsus,  0.72;  bill,  0.70. 

No.  644  $  14.90x8.50;  wing,  4.43;  tail,  3.54. 

Tyrann'US  verticalis,  Say.— -4 rAan»fl»  Flycatcher. 

Was  ob.sers'ed  everywhere  along  the  Yellowstone  and  Big  Horn  Rivers,  but  did  not 
appear  to  be  as  common  as  the  preceding  species. 

1  have  never  seen  this  bird  exhibit  any  of  the  pugnacious  character  of  its  near  rel- 
ative, T.  carolinensis.  and  I  had  been  led  to  believe  it  was  a  well-behaved  bird ;  but 
Mr.  Henshaw,  on  page  342  of  his  report  upon  the  zoology  of  the  geoloi^ical  and  geo- 
graphical survey  west  of  the  100th  meridian,  in  charge  of  Lieutenant  Wheeler,  United 
States  Engineer  Corps  (chap.  3,  vol.5,  Washington, Government  Printing Ottice,  1875), 
states  that  it  possesses  all  the  force  of  action  and  pugnacity  of  the  kingbird. 

Specimen  No.  659  ^  measured  as  follows:  15.75  X  8.90;  wing,  5.20;  tail,  3.92;  tar- 
sus, 0.75;  middle  toe  and  claw,  0.77  ;  bill,  0.(>4. 

Sayorxis  8AYUS,  B\^.Saif8  FhjcaUher. 

Occurs  along  the  Yellowstone  in  small  numbers.  A  few  observed  at  Fort  Custer, 
but  it  appeared  to  be  in  larger  numbers  in  a  spur  of  the  Big  Horn  Mountains  than 
elsewhere,  although  of  the  four  species  of  flycatchers  this  one  is  the  rarest  in  the  Big- 
Horn  region. 

No.  A"^l  $  measures  as  follows:  12..50  x  7.20;  wing,  4;  tail,  2.20;  tarsus, 0.79;  mid- 
dle toe  and  claw,  0.65 ;  bill,  0.55. 

CONTOPUS  VIREN8  (L.),  var.  Ricn/..;Dsoxii  (Sw.),  Cones.— fTc^/e/vi  Wood  Pewee. 

Was  quite  common  alotng  the  Yellowstone  and  Big  and  Little  Horn  Rivers,  as  also 
among  the  x^ines  in  the  mountains. 

Meu8uremeni8  of  specimens. — No.  870  (^,10.70  X  6.50;  wing,  3.40;  tail,  2.41;  tarsus, 
0..'»8;  middle  toe  and  claw,  0.47 ;  bill,  0.51.  No.  871  9 ,  10.10  x  6.10  ;  wing,  3.10  ;  tail, 
2.29  ;  tarsus,  0.57  ;  middle  toe  and  claw,  0.46 ;  bill,  0.50. 

Order  Pi^ari^. 

Family  CAPRIMULGID/E. 

Antrostomus  NCiTALLi,  And. — XnttaWs  Whippoorwill, 

A  pair  were  heard  on  the  evenings  of  August  28  and  29,  while  in  camp  on  a  spur  of 
the  Big  Horn  Mountains.    They  would  come  and  sit  on  some  tall  pine  within  a  qnar- 

*  See  end  of  report. 
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ter  of  a  mile  of  our  camp,  but  on  opposite  sides  of  it,  and  atter  their  sharp,  wihl  en. 
generally  dropping  the  tiret  syllable  of  their  name,  but  oecafiioDaliy  it  woaid  be  takes 
up.  It  was  so  dark  both  evenings  that  no  endeavor  was  made  to  capture  them,  wbick 
I  expect  woald  have  been  attended  with  considerable  difficulty,  as  they  were  Terr 
shy,  and  would  fly  a  little  further  awa^  from  camp  when  any  noise  was  made  vA 
continue  uttering  their  peculiar  cry,  which,  becoming  fainter  and  fainter,  was  finally 
lost  in  distance. 

Chordeiles  VIRGINIANU8  var.  Henryi,  Coues.—  TTesiern  Xighthatck. 

Is  common  almost  everywhere  in  the  Big  Horn  region.    Breeds  tbroughont  its  range, 
I  have  often  seen  this  bird  on  cloudy  days  on  the  wing  in  search  of  its  food;  batoB 

the  bright  and  warm  days  of  summer  I  have  only  met  with  it  in  the  woods,  where  it 

selects  some  secluded  spot  where  the  surroundings  are  as  favorable  in  regard  to  eolor. 

&c.,  as  possible,  and  from  which  sometimes  start  up  almost  within  a  person's  teach. 
Specimen  No.  647  ^  measures  as  follows:  2*2.75  X  9.30;  wing,  7.75;  tail,  4.37;  tanos, 

0.55 ;  middle  toe  and  claw,  0.70. 

Family  TROCHILID^. 

•  

Selasphorus  rupx's  (Gm.),  Sw.—Rt^fous  haded  Humming-bird. 

8ome  of  the  gentlemen  who  were  serving  at  Fort  Caster  during  the  summer  of  1879 
will  recall  with  a  smile  our  several  attempts  to  capture  humming-birds  on  the  Cmter 
bank  of  the  Big  Horn  River. 

The  humming-birds  we  observed  I  have  not  yet  thoroughly  satisfied  myself  as  to 
where  they  should  be  placed,  but  I  put  them  provisionally  under  the  h^id  of  tbe 
rufous- backed,  as  that  is  the  sole  boreal  representative  of  tbe  family,  so  far  as  is  now 
known ;  and  it  is  not  improbable  that  futare  investigations  will  show  that  it  ocean 
in  the  Big  Horn  region. 

Family  ALCEDINID.E. 

Cerylr  alcyon  (L.),  Boie. — Kingfisher, 

The  belted  kingfisher  was  quite  common  along  the  Yellowstone  River  from  Fort 
Keogh  to  near  Fort  Ellis,  Mont.,  but  I  did  not  meet  with  it  on  the  smaller  intenor 
streams. 

Family  PICID^E. 

Picus  VILLOSUS,  L.  var  Harrisi  (And.),  Allen.— ^<irnV  Woodpecler. 

A  single  woodpecker  seen  at  Fort  Custer,  Mont.,  August  20,  is  believed  to  belong 
here,  although  it  was  not  secured. 

Picus  pubescens,  L. — Dmniy  IVoodpecler, 

Several  were  observed  among  the  pines  August  13  on  the  road  from  Terry's  Land- 
ing to  Foil)  Custer,  in  company  with  the  brown-headed  woodpeckers. 

Sphyrapicus  thyroideus  (Cass.),  Bd. — Brown-headed  TVoodpecJcer, 

Throughout  the  entire  Big  Horn  region  this  woodpecker  occurs  in  numbers.  Etch 
high  up  in  the  mountains  among  the  pines  it  appeared  to  be  as  much  at  bome  asaoioog 
the  trees  of  the  river  bottoms. 

Measurements  of  specimens  are  as  follows : 
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Melanerpes  erytiirocephalus  (L.),  Sw. — lied'headcd  Woodpecler. 

Very  common  along  the  Yellowstone  and  Big  and  Little  Horn  Rivers ;  was  also  s«a 
in  some  numbers  in  ui©  moMXiWwi^.  . 
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Specimens  measare  as  follows : 
No.  655,  9  17.75X9.30. 
No.  656    9  17.25x9.50. 

No.  865*,  i  17.80x10.00;  wing,  5.70;  tail,  3.27;  larsns,  0.95;  middle  toe  and  claw, 
1.08;  bill,  1.12. 

COLAPTES  AURATUS,  (L.) — Golden-mngcd  Woodpecker, 

Was  occasionally  seen  while  ascending  the  Yellowstone  River,  above  Fort  Keogh, 
Mont.    Was  very  common  in  the  woods  along  the  Little  Horn  River,  near  Fort  Custer. 

The  two  species  of  Colaptea  were  found  associated  with  the  red-headed  woodpecker 
throughout  the  entire  region  traveled. 

Specimen  No.  677  ^  measures  as  follows:  19.00x11.75;  wing,  6.25;  tail,  4.50. 

CoLAPTES  MEXICANUS,  Sw,—Iicd-8hafied  Woodpecker. 

Is  common  throughout  the  Big  Horn  region  ;  is  found  in  company  with  the  preceding 
species. 

All  the  species  of  woodpeckers  treated  of  in  this  report  breed  in  the  Big  Horn  region. 

Specimen  No.  864  ^  measures  as  follows;  19.30x12.25;  wing, 6.50;  tail, 4.30;  tarsus, 
1.30;  middle  toe  and  claw,  1.25;  bill,  1.26. 

Order  RAPTOKES. 

Family  STRIGID.E. 

BUHO  viRCiiNiANUS  (Gm.),  Bp.— Great  Homed  Owl. 

This  owl  is  found  in  suitable  localities  in  this  region ;  not,  however,  in  any  numbers. 

Brachyotus  PALUSTRis  (Bechst.),  Bp.— Short-eared  OxcJ. 

The  only  owl  of  this  species  I  saw  was  on  August  30,  when  returning  from  camp  on 
a  spur  of  the  Big  Horn  Mountains  with  Captain  Read,  Eleventh  Infantry.  The  bird 
-was  very  shy,  and  was  not  secured. 

Speotyto  cunicularia,  Mol.  var.  hypog.ea,  Bp.^Burrowing  Oul. 

Is  resident  throughout  the  Big  Horn  region ;  wherever  there  is  a  prairie-dog  village 
this  owl  will  be  found. 

Family  FALCONIDJE. 

Falco  columbaruts,  Lmn.—Pujeon  Hawk. 

Was  seen  several  times  along  the  Yellowstone,  above  Fort  Keogh,  Mont.,  and  was 
a|;ain  met  with  August  27  in  a  spur  of  the  Big  Horn  Mountains  in  considerable  num- 
bers. 

ITalco  SPARVERius,  Linn. — Sparroic  Hawk. 

Was  abundant  everywhere  along  the  Yellowstone  and  Big  and  Little  Horn  Rivers, 
as  also  in  the  mountains. 

Specimen  No. 872  ^  measures  as  follows:  22.75  X  10.50;  wing, 7.50;  tail,  5.30;  tarsus, 
1.32;  middle  toe  and  claw,  1.14;  bill,  0.46. 

BUTEO  BOREALis  (Gm.),  VieiU.  var.  calurus  (CavSS.),  Ridg.—  Western  Itcd  tailed  Buzzard. 

Is  quite  common  throughout  the  Big  Horn  region.  August  19,  secured  a  specimen 
at  Fort  Custer,  Mont.,  showing  much  fulvous  beneath  ;  tail  as  in  the  young,  dark-brown 
and  fulvous  barred;  upper  tail  coverts  white.  Saw  a  living  specimen  ot  true  calurus 
at  Terry's  Landing,  taken  in  that  vicinity. 

BuTEO  SWAINSONI,  Bp.—Swainson^s  Buzzard. 

Was  seen  in  small  numbers,  from  August  8  to  11,  while  ascending  the  Yellowstone 
above  Fort  Keogh,  Mont.    Was  not  seen  around  Fort  Custer. 

Arcuibuteo  LAGOPU8  (Bruun.),  Gr.  var.  Saxcti  JoiiANNis(Gm.),  R'ldg.— Bough-legged 
Hawk. 

The  rongh-legged  buzzard  was  observed  near  Little  Horn  River,  in  the  neighborhood 
of  Fort  Custer,  in  February,  1878,  by  Colonel  Brackett. 
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Akciiiuu  TKO  FEUKUGINELS,  L,\cht.— Ft  mi  gimou  8  Uatck. 

The  California  sqnirrel  hawk  was  observed  several  times  along  the  Yellowstone  River, 
above  Fort  Keogh,  Mont.  I  again  met  with  it  in  large  numbers  near  Baker's  battle- 
field, on  the  road  to  Fort  Ellis,  where  it  seemed  to  be  congregated  io  the  Ticinitvof 
the  villages  of  the  prairie  dog,  upon  which  it  probably  preyed. 

AtjuiLA  ciikysaK:tus,  h'mn.—d olden  Eagh. 

A  magnificent  specimen  of  the  golden  eagle  was  shown  mo  at  Terry's  Landing  that 
had  been  captured  a  few  miles  from  there  by  members  of  Captaiu  ConnelPs  cooipanr, 
Eleventh  Infantry. 

Family  CATHARTID.K. 

Cathahtks  aura  (Liup.),  111. —  Turkey  Buzzard. 

Was  observed  by  Colonel  Brackett  in  numbers  along  the  Yellowstone,  July  14  ami 
31,  and  on  August  3, 1H78,  he  saw  a  large  colony  of  them  on  a  point  on  the  Yellowstone, 
where  they  had  evidently  been  breeding,  as  the  tops  of  the  trees  were  "worn,  and  seemed 
almost  bare  of  foliage  on  account  of  the  number  of  these  birds  that  had  been  roosting, 
resting,  and  ilying  about  among  them. 

I  observed  a  few  along  the  Missouri  River  below  Fort  Buford,  but  did  not  meet  with 
any  in  the  vicinity  of  Fort  Custer,  Mont. 

Order  COLUMB.^. 

Family  COLUMBIDJ^. 

Zkn'.kduka  CAKOL1NEN61S  (Liuu.),  Bp. — Carolina  Dove, 

Was  common  along  the  Yellowstone  and  Big  and  Little  Horn  Rivers.    At  Fort  Coster 

I  would  daily  see  hundreds  in  the  woods;  found  them  abundant  in  the  monntainsako. 

No.  G'A  i  measures,  length,  lii.OOj  wing,  5.75  ;  tarsus,  0.75;  middle  toe  and  claw,  1.20. 

Order  GALLINiE. 

Family  TETRAONID.E. 

Tktkao  oijscuiius  (Say.),  Bd.— Dm«^7/  Grouse, 

Was  observed  in  the  mountains  crossing  from  Fort  Custer  to  Fort  Ellis  in  September. 
My  experience  with  this  bird  agrees  with  that  of  Mr.  G.  B.  Grinuell  (see  his  zoolog- 
ical report  as  contained  in  Captain  Ludlow^s  report  of  a  reconnaissance  from  Carroll, 
Mont.,  to  the  Yellowstone  National  Park  and  return,  made  in  the  summer  of  1875,  being 
Appendix  N  N,  annual  report  of  the  Chiwf  of  Engineers  for  1876),  as  I  observed  it 
in  September,  almost  always  in  the  open  creek  bottoms  among  the  mountains. 

Centrocercus  I'UOriiASiANUS  {li\^.),^w.—Sage  Grouse, 

The  sage  hen  is  resident  in  the  Big  Horn  region,  as  also  in  the  Yellowstone  Valley 
from  Fort  Keogh  up. 

The  flesh  of  the  young  is  good  until  about  the  1st  of  October,  after  which  it  become* 
too  highly  flavored  with  sage  to  be  fit  for  the  table. 

Pedi(i:cetks  imiasianellus  (L.),  Ell.  var.  Columbiaxus,  Bd.— i<fftarp-/ni7«i  Grouse, 

Is  resident  and  common  in  the  region  visited.  Several  were  shot  fully  two-thirds 
grown  by  the  10th  of  August. 

BoNA.SA   UMBELLfS   (L.),Steph.   var.  umbelloides,  Dong.--i?ocA-^   Jlountain  R»j^ed 
Grouse, 
Occurs  in  the  Big  Horn  Mountains  in  considerable  numbers.    Is  resident. 

Order  GKALLATOEES. 

Family  CHARADRIID.E. 

CiiARAUHii  s  FiLVis,  Gm.  var.  Virgixicus  (Bork.),  Coues.— Golden  Plover. 

Passes  the  Big  Horn  reft\o\\vV\XTv\i^\\i<im\^\3AA'.^\v^,\i>3Ltuone  remain  to  breed  within 
its  iiniits. 
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Specimens  measure  as  follows : 

No.  (>S4^  22.75x10.50,*  wing,  7.40;  tail,  2.75;  tarsus,  1.55;  middle  toe  and  claw,  1.23. 

No.  689  <J  21.00x10.50;  wing,  0.90;  tail,  2.50. 

Aegialitis  vociferus,  Linn. — Kildecr  Plover. 

The  only  kildeer  plovers  I  saw  on  the  expedition  was  on  August  15  on  the  road  from 
Terry's  Landing  to  Fort  Custer,  Mont.,  when  a  single  pair  passed  near  the  amhulance. 

Colonel  Brackett  informs  me  that  he  saw  several  at  Fort  Custer  in  the  spring  of 
1878. 

I  doabt  if  this  bird  is  common  or  breeds  in  the  Big  Horn  region.  It  occurs  there 
probably  only  during  the  migrations.  f 

Specimen  No.  664  <?  measures  19.62x10.00. 

Aegialitis  asiaticus  var.  montanus,  Towss.— Mountain  Plover. 

Colonel  Brackett  informs  me  that  the  monntain  plover  was  abundant  at  Fort  Custer 
in  the  spring  of  1878,  and  he  thinks  that  they  breed  in  that  vicinity,  which  may  be 
the  case  notwithstanding  I  nlet  with  none  in  August. 

Family  RECURVIROSTRIDiE. 

RECUR^^ROSTRA  AMERICANA,  Gm.— JlOCff. 

Were  observed  along  the  Yellowstone  River  above  Fort  Kcogh,  Mont.,  several  times 
between  August  8  and  13,  1878. 

Specimens  taken  measure  as  follows : 

No.  625  i  29.00x18.85.    Wing,  9.00;  tail,  3.65;  tarsus,  3.65;  bill  3.G5. 

No.  628  <?  29.75X18.50.    Wing,  9.25;  tail,  4.30;  tarsus,  3.t)5;  bill,  3.90. 

Family  PHALAROPODID.E. 

Steganopus  wiLSONi  (Sab.),  Cones.— TFi7«on'»  Phalarope, 

Killed  on  a  swale  above  Fort  Custer,  Mont.,  1878,  and  identified  by  Colonel  Brackett. 
Occurs  only  during  the  migrations. 

Meaanrementa  of  specimens. — No.  634  9  15.75  X  9.45;  wing,  5.20;  tail,  2.35;  tarsus, 
1.33;  middle  toe  and  claw,  1.31;  bill,  1,37.    No.  650  $  16.25x9.65. 

FAMILY  SCOLOPACID.E. 

AIacroriiampiius  griseus,  Gm. — Red-hreasteil  Snipe. 

Was  killed  near  Fort  Custer,  Mont.,  on  the  Little  Horn  River,  spring  of  1878,  and 
identified  by  Colonel  Brackett.    Occurs  in  this  region  only  during  the  migrations. 

Tringa  boxapartii,  Sw. —  Whilc-rumped  Sandpiper. 

A  few  white-rumped  sandpipers  were  seen  on  the  bars  in  the  Yellowstone  River  above 
Fort  Keogh  August  8  to  13.  Is  common  only  during  the  migrations  in  the  Big  Horn 
region,  where  a  few  remain  and  breed. 

Specimen  No.  651  ^  measures  as  follows:  15.00x7.50;  wing, 4.84;  tail,  1.85;  tarsus, 
0.93;  middle  toe  and  claw,  0.95;  bill,  0.96. 

TOTANUS  SOLITARIUS,  Wils. — Solitary  Sandpiper. 

Several  times  while  ascending  the  Yellowstone  River  above  Fort  Keogh,  Mont.  T., 
the  solitary  sandpiper  was  met  with  on  the  shores  of  the  river.    Is  not  common. 

AcTiTURUS  BARTRAMirs,  (Wils.),  Bp. —  Upland  Plover. 

I  did  not  find  the  upland  plover  near  as  common  as  I  expected  to  in  the  middle  of 
August  in  the  Big  Horn  region.  In  fact,  I  met  with  but  two  birds  of  this  species — one 
on  the  Yellowstone  just  below  Terry's  Landing,  and  the  other  on  the  road  from  that 
place  to  Fort  Custer. 

Specimen  No.  663  ^  measures  20  62  x  11.65. 

Specimen  No.  670  J  measures  20.50x12.10;  wing,  4.10;  tail,  2.30. 

NUMENius  LONGiROSTRis,  WiU.—Long-billed  Curhw. 

Were  seen  in  considerable  numbers  while  ascending  the  Yellowstone  above  Fort 
Keogh  in  flocks,  as  they  were  also  found  in  the  vicinity  of  Fort  Custer,  Mont.,  August 
15, 1878  They  breed  along  the  Little  Horn  River,  and  probably  other  streams  also; 
the  flocks  seen  near  Fort  Custer  contained  the  birds  of  the  yeair. 
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Family  ARDEID.E. 

Ardea  iierodias,  L. — Great  Blue  Heron. 

Was  observed  along  the  Yellowstone  in  some  numbers. 

Altbonf^h  belonging  to  the  class  of  water  birds,  the  great  blue  heron  freqaeotlj  for- 
gets himself  and  perches  on  the  highest  treetop,  and  there  keeps  a  sbarp  lookont 
for  danger,  so  that  it  is  almost  impossible  to  approach  sufficiently  close  for  a  shot  od 
such  occasions. 

Family  GRUID.E. 

Grus  canadensis,  (L.),  Temm.—SandhiV  Crane, 

Seen  during  the  spring  migration  of  1878  by  Colonel  Brackett  at  Fort  Custer,  Mont.; 
occurs  in  this  region  only  at  those  times. 

Family  RALLIDJ::. 

FuLiCA  Americana,  Gm.— Coot, 
A  few  are  found  in  the  sloughs  and  ponds  through  the  region  traveled. 

Order  LAMELLIROSTRES. 

Family  ANATID.E. 

Cygnus  buccinator,  Sw. — Trumpeter  Swan, 

A  single  specimen  of  this  swan  was  killed  in  the  Big  Horn  region,  near  Fort  C.  F. 
Smith,  about  December  10,  1877,  by  Colonel  Bnell,  and  identified  by  Colonel  Brack- 
ett. Occurs  only  during  the  migrations,  and  at  the  late  date  the  above  specimen  wis 
killed  there  was  still,  probably,  open  water  in  the  vicinity. 

Branta  canadensis,  "L.— Canada  Ooose. 

While  ascending  the  Missouri  and  Yellowstone  Rivers,  many  flocks  of  the  Canada 
goose  were  observed.  It  breeds  along  both  rivers  in  numbers,  especially  on  the  Yel- 
lowstone, where  Hocks  were  seen,  the  end  of  July,  consisting  of  the  parents  and  yooog 
birds.  On  these  occasions  the  mother  would  walk  in  front  with  her  head  down,  as  if 
^trying  to  hide  herself,  the  little  ones  following,  and  the  old  male  bringing  up  the  rear 
with  his  head  erect,  and  viewing  the  source  oi  danger  with  apparent  great  nnconeen. 

I  found  it  quite  common  in  the  vicinity  of  Fort  Caster. 

Anas  boschas,  L. — Mallard  Duck, 

Is  found  along  the  Yellowstone  River  and  throughout  the  Big  Horn  region,  thoogh 
it  is  not  particularly  common.    Breeds  wherever  found. 
Specimen  No.  (585 <^  measures  as  follows:  37.00  x  17.75;  wing,  11.80;  tail,  4.00. 

Dafila  acuta,  (L.),  Jenyns. — Pintail  Duck, 

Is  found  in  the  Big  Horn  region  in  the  streams  and  pools,  bat  not  in  any  great 
numbers.    Breeds  throughout  its  range. 

Specimen  No.  679 <J  measures  as  follows:  36..30  x  24.00;  wing,  10.50  ;  t^il,  4  50. ' 

Citaulelasmus  streperus,  lAuu.—Gaduall, 

Is  not  common,  but  I  saw  a  few  on  the  road  from  Custer  to  Fort  £11  is,  Montana,  in 
September. 

Querquedula  carolinensis,  Gm.—(i recn-winged  Teal. 

Is  found  in  small  numbers  in  this  region,  where  it  breeds. 

No.  620^  measures  as  follows:  28.00x15.00;  wing,  7.75;  tail,  3,24. 

QuERQUEDUi^  DISC0R8  (L.),  Steph.— ^/iifiriw^crf  Teal. 

A  few  blue-winged  teal  were  seen  on  the  Yellowstone  River  above  Fort  Keogh,  Mon 
tana,  as  also  on  the  Little  Horn,  near  Fort  Custer.    Is  not  common.     Breeds  here. 
Specimen  No.  680  <J   measures  as  follows :  24. 75x15. 90;  wing,  7.  Ji5  ;  tail,  3. 10. 

Aix  SPONSA  (L.),  Boie. —  Wood  Duck, 

Captain  Mix,  Second  Cavalry,  informed  me  that  he  had  occasionally  during  the 
spring  and  fall  taken  t\\\?i  ClucV  «A.  YoitX,  C\veX.«t. 
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BucEPUALA  CLAXGULA  (L.),  Gr. — GoIden-eycd  Duel, 

Several  were  seen  in  a  pond  on  the  road  from  Fort  Custer  to  Fort  Ellis.    Is  not,  I 
believe,  common. 

Mergus  mergansru  (Li.)— Goosander, 

This  duck  is  fonnd  in  small  numbers  in  the  streams  running  into  the  Yellowstone 
River  above  Terry^s  Landing,  M.  T. 

Order  LOXGirENXES. 

Family  LARID^. 

LiARUS  DELAWAREXSis,  Ord. — liing-billed  Gull, 

While  ascending  the  Yellowstone  River,  and  near  the  mouth  of  the  Bia  Horn,  in 
Angnst,  some  gulls  were  seen  in  one  of  the  chutes  of  the  river,  which,  although  no  speci- 
men was  procured,  I  place  under  this  head,  as  it  is  the  species  most  likely  to  be  found 

^  here 

Order  PYGOPODES. 


Family  PODICIPID^E. 

PODILYMBUS  PODicEPS  (L.),  LawT. — Pied-billed  Gt'cbe, 

Occurs  in  small  numbers  in  the  streams  of  the  Big  Horn  region. 
Specimen  No.  G75  $  measures  20.75x12.00;  wing,  5.10. 

liecapitnlaiion  of  8pe<:ie8  treated. 
MAMMALS. 


Families. 


Families. 

Number   of 
species. 

FelidflB 

3 

Oaoidfl) 

7 

IMastelidic 

6 

!Proc  vooidiD 

1 

XTrsido) 

2 

JWinarididafi 

1 

Ik>v1da> 

1 

OvidaD 

2 

JLDtilocaprida) 

1 

Ccrvidic 

2 

§1* 


Vespertilionidw I  1 

Soricidie  j  2 

Zapodidflo \  1 

Mnridie  j  7 

Geom  vlda) j  1 

Scinri'dH)    !  6 

Castoridfl)  |  1 

Ilystricidae 1 

Leporido? |  3 

Total I  48 


BIRDS. 


Families. 


'A 


TardidH5 

Saxicolididfc 

Cinclida; 

ParidsD  

Sittidso 

Trogloily  tida) 

Alaudidfi)  

MotacillidrQ 

Svlvicolidjp 

HirundinidtB , 

Ampelidee 

Vireonidtt) 

Laniido) 

Frin^UidjD  

Icterid» 

CorvidjD    

TyrannidiB 

Caprimnlgida) 

TrochllidiB 


6 
1 
1 
2 
1 
2 
1 
1 
3 
4 
1 
1 
1 
12 
6 
4 
4 
2 
1 


FamilieH. 


Alcedioidiv 

Picidai* 

StriKido)   , 

FalooindiR 

Cathartidii> 

Colambido) 

TetraoDidn) 

Charadriido)    

Recurvirostrida) 
Pbalaropodida'. . . 

Scolopacid® 

Ardeldio 

GruldiB 

Rallidffi 

Anatida) 

Laridic 

Podicipida; , 


H 

P  c 


1 
6 


10 


Total 


102 


APPENDIX  TT. 

ANNUAL  EEPORT  OF  LIEUTENANT  CARL  F.  TALFREY, 
CORPS  OF  ENGINEERS,  FOR  THE  FISCAL  YEAR  ENDING 
JUNE  30.  1879. 

explorations  and  surveys  ix  the  division  of  the  pacific. 

Engineer  Office,  Headquarters  Military  Division 
OF  THE  Pacific,  and  Department  of  California, 
Presidio  of  San  Francisco,  Cal.,  August  19, 1879. 

Sir  :  I  have  the  honor  to  submit  the  following  report  of  this  office, 
for  the  fiscal  year  ending  June  30,  1879 : 

Personnel. — ^The  office  was  under  the  charge  of  Capt.  John  H.  Cos- 
ter, Eighth  Cavahy,  A.  D.  C,  until  September  16, 1878,  at  which  date 
I  relieved  him  per  Special  Orders  No.  142,  Headquarters  Military  Divis- 
ion of  the  Pacific  and  Department  of  California. 

Three  topographical  assistants  enlisted  in  the  general  service  United 
States  Army,  have  been  employed  up  to  April  30 ;  since  that  date  two. 
It  is  proposed  to  fill  the  complement  of  four,  when  the  accommodations 
of  the  office  admit  of  working  to  a  better  advantage. 

First  Lieut.  li.  H.  Fletcher,  Twenty-first  Infantry,  a<5ting  aid-de- 
camp to  Brig.  Gen.  O.  O.  Howard,  during  the  campaign  against  the  Kez 
Perc^  Indians,  has  been  engaged  in  preparing  a  map  of  the  Department 
of  the  Columbia,  illustrating  that  campaign,  and  has  assisted  in  the  office 
work. 

The  following  maps  have  been  prepared  during  the  year : 

Ist.  Projections.  Outline  map  of  miUtary  division  of  the  Pacific  to  accompany 
^'descriptions  of  posts.'^ 

Corrections  of  photographic  sheejts  map  of  northwestern  Territories,  from  the  Office 
of  the  Chief  of  Engineers,  United  States  Army. 

Projection  only,  for  western  sheet  map  of  military  division  of  the  Pacific — scale  12 
miles  to  one  inch. 

Scoat  maps^  plotted  from  field-notes  or  traced  from  field-maps,  checked  where  prac- 
ticable, by  instrnmental  surveys  and  earlier  scouts. 

In  some  instances  several  scouts  are  combined  in  one  map,  in  which  case,  plotting 
upon  projection  and  checking  by  astronomical  stations  have  been  possible. 

Map  oi  Steen  Mountains  and  vicinity,  showing  the  seat  of  the  Bannock  Indian  War 
compiled  from  field-notes  taken  in  1860  by  Major  Steen,  and  Captain  Porter  in  V^^A, 

Map  of  the  headwaters  of  Salmon  River,  Idaho  Territory,  compiled  from  field-notes 
of  Lieut.  George  S.  Wilson,  Twelfth  Infantry. 

Map  of  the  vicinities  of  the  Military  Posts  of  Forts  Qaston,  Klamath,  McDermit, 
Bois<S  Hall  J  and  Camps  Bidwell,  Halleck,  embracing  a  number  of  scouts,  called  for  in 
a  communication  from  the  Chief  of  Engineers,  United  States  Army. 

Maps  and  tracings  of  the  following  reconnaissances : 


From— 


To—  By  whom. 


Fort  Gaston ,  Witchpeck  and  retam  by  Red  Cap  Trail Lieut.  James  Halloran,  Twelfth 

Infantry. 

Fort  Gaston 1  Stone  Lagoon Ciu>t.  E.  B.  Savage,  Eighth  In- 

lantry. 

San  Diego Pine  Valley  Yoabel,  Temecnla,  San  Margarite     Lient.  John  Pitcher,  First  Cav- 

I      Kiver  and  retnrn  along  ocean.  i      airy. 

San  Diego San  Bernardino  via  Tye  Vallev  and  San  Gor-     Lient.  John  Pitcher,  First  Cav- 

gonio  Pass  and  return,  via  Temecala.  airy. 

Camp  Independence.    Reno,  Nov Capt  C.  C.  C.  Car,  First  Cavalry. 
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From — 


Camp  IndependoDce  - 
Camp  Independence . 
Camp  Independence . 


^faJ)8  and  tracings — Contiimed. 


To— 


Vlaalia 

Tuolumne  Kiver 
Caliente 


Camp  Independence.  ■■  Salinas  Valley . 
Fort  Hall Lemhi  Agency 


Fort  Hall <  Salmon  City  to  the  headwaters  of  Salmon 

I      Klver. 


By  whom. 


Lieut  Wotherspoon,  Twelfth  Li- 
fantry. 

Capt.  A.  B.  MacGk>wan,  Twelfth 
Infantry. 
Do. 

Lieut.  Wotherspoon,  Twelfth  In- 
fantry. 

Lieat.  Geo.  S.  Wilson,  Twelfth 
Infantry. 

Lieut.  Geo.  S.  Wilson,  Twelfth 
In&tntry. 


ARCHITECTURAL  DRAWINGS  AND  PLANS  OF  POSTB. 

Plans,  estimates,  and  working  drawings,  for  the  alterations  of  bai*- 
racksand  mess-rooms  to  headquarter  offices,  of  building  .occupied  by  en- 
gineer  office  and  officers  quarters,  have  been  prepared  chiefly  under  the 
direction  of  Captain  Coster. 

The  following  plans  of  posts  have  been  received  and  traced  for  photo- 
graphic copying,  or  reduced  to  scale : 

Post  and  bnildings  at  Fort  Vancouver,  W^ashington  Territory. 
Post  and  buildings  at  Fort  Klamath,  Oregon. 
Post  and  buildings  at  Fort  Townsend,  Washington  Territory. 
Post  and  buildings  at  Fort  Canby,  Washington  Territory. 
Post  and  buildings  at  Camp  Howard,  Indian  Territory. 
Post  and  buildings  at  Camp  Huachnca,  Arizona  Territory. 
Post  and  buildings  at  Camp  Jobn  A.  Rucker,  Arizona  Territory. 
Post  and  buildings  at  Fort  Mojave,  Arizona  Territory. 

PHOTOGRAPHY  AND  TRACINGS  FOR  PHOTOGRAPHIC  REPRODUCTION. 

Lieutenant  Fletcher's  map  has  been  traced,  and  copies  prepared  for 
use  in  field  and  for  supply  of  offices. 

Photographic  copies  of  scout-maps  have  been  sent  to  posts  at  which 
they  are  likely  to  prove  useful. 

Drawings  not  immediately  connected  with  this  office  have  been  made 
and  reproduced  for  the  use  of  other  offices  at  these  headquarters. 

Number  of  sheets  printed,  790. 

Owing  to  the  want  of  suitably  convenient  out  of  door  appliances  and 
the  insufficient  protection  against  wind  and  dust  afltbrded  by  the  build- 
ing occupied  by  this  office,  I  have  been  obliged  to  give  up  the  finer  sil- 
A^er  x>rocess  and  adopt  exclusively  the  coarser  method  with  prossiate  of 
potash.  This  work  hcos  been  urged  to  the  utmost,  but  the  results  are 
much  less  than  could  have  been  obtained  with  more  convenient  a<5com- 
modations. 

SURVEYS,  ETC. 

A  survey  was  made  (July,  1878)  of  the  boundaries  of  the  Marine  Hos- 
pital Eeservation,  by  Lieutenant  Fletcher. 

Examination  and  report  upon  the  water-supply  of  the  Presidio  of  San 
Francisco  and  Post  at  Point  San  Jos6. 

Location  and  grading  of  road  connecting  Presidio  and  Fort  Point. 

Examination  and  report  |upon  boimdary  of  Military  Reservation  at 
Monterey,  Cal.,  as  surveyed  by  Deputy-Surveyor  Foreman. 

Examination  and  report  upon  Hay  Reservation  of  Camj)  McDerniit, 
Xevada,  as  laid  out  by  l)ei)uty-Surveyor  Van  Lennep. 
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Ke-survey  and  location  of  displaced  corner-post  of  Fort  Halleck, 
Nevada. 

Instrumental  work  has  been  done  at  various  tiuies  in  connection  with 
^^ork  of  the  (Quartermaster's  Department  (roads  and  water-supply)  at 
this  post. 

The  funds  at  the  disposal  of  this  office  have  not  admitted  of  any  field- 
work  not  immediately  connected  with  questions  of  boundaries. 

The  office  work,  both  draughting  and  photographic,  has  been  materi- 
ally interfered  with  by  the  bad  condition  of  the  building  occupied,  and 
the  continual  expectation  of  thorough  repairs  which  would  require  a  re- 
moval of  the  office  material. 

The  diminution  of  the  pay  of  topographical  assistants  by  the  with- 
drawal of  their  commutation  of  quarters  ($20  per  month)  and  reduc- 
tion of  fuel  allowance  of  $9.91  per  month  has  occasioned  much  hardship, 
and  renders  it  exceedingly  difficult  to  secure  suitable  men  for  the  com- 
pensation now  offered. 

A  list  of  reports  of  scouts  received  during  the  fiscal  year  is  appended. 
I  have  the  honor  to  be,  very  respectfully,  your  obedient  servant, 

Carl  F.  Palfrey, 
First  Lieutenant  of  Engineer h^  U,  S.  A., 

Engineer  Offi<ier. 

The  Chief  of  Engineers,  U.  S.  A. 


LIST  OF  REPORTS  OF  SCOUTS  RECKIV^ED  AT  ENGINEER  OFFICE,  HEADQUARTERS  MILI- 
TARY DIVISION  OF  TUB  PACIFIC  AND  DEPARTMENT  OF  CALIFORNIA  DURING  TUB 
FISCAL  YEAR  ENDING  JUNE  30,  1879. 

\ 

From—  I  To—  '  By  Whom. 


Fort  Gaston j  Mining  district  of  Mill  Creek,  via  '  Lieat  James  Halloran. 

Witcbpeclc  aud  returu,  via  It«d  i 
'      Cap  Trail. 

Fort  Gaston \  Stone  J^goon Capt.  E.  B.  Savajre,  Eij^hth  Infantry. 

Fort  Hall Lemhi  Agency,  I.  T Lieut.  Geo.  8.  WUson. 

Liemhi  Agency I  Headwaters  of  Salmon  I^i ver,  I.  T . .  Do. 

Fort  McDemiit 1  Catlow's  Valley Sergeant  P.  Stone,  Eighth  Infantry. 

Fort  Gaston |  Itinerary   from    Fort    Gaston    to 

Areata  as  measured  by  odometer. 
Fort  McDermit ,  Scont  from  Fort  McDermit  to  O wy-     Lieut.  J.  W.  Summerhayes,  Eighth  Infantry. 

hee  River,  178  miles.  i 

Fort  McDermit- .. .    Scout  from  Foit  McDermit  to  be-     Lieut.  J.  W.  Summerhayes,  Eighth  Infantry. 

yond  Steen  Mountains,  313  miles. 
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A. 

iotink  Creek,  Va.,  improvement  of 

lepee  Harbor,  Wis.,  improvement  of 

bama  Kiver,  improvement  of 

xandria,  Mo.,  examination  of  Mississippi  Kiver  at. . . 

3gheny  River,  Pa.,  improvement  of 

Bgheny  River,  survey  of,  to  mouth  of  French  Creek., 
dgheny  River,  to  Olean,  N.  Y.,  examination  and  sur- 

eyof 

ea  Harbor,  Oreg.,  and  bar  in  front  of  it,  examina- 

ion  and  survey  of - 

ea  River  and  Bay,  Oreg.,  examination  of 

on  Harbor,  HI.,  examination  and  survey  of 

piille  River,  Ark.,  improvement  of 

lapolis  Harbor,  Md.,  survey  of  bars  at  entrance  to.. 

Uacbicola  Bay,  Fla.,  eKamination  of 

iJachicola  River,  improvement  of 

pomattox  River,  Va. ,  improvement  of 

oroacbes  from  Lake  Superior  to  Saint  Mary's  Falls 
nip  Canal,  examination  and  survey  of,  for  a  16-foot 

bannel 

lia  Creek,  Va.,  improvement  of 

maas  Pass  and  Bay,  Tex.,  improvement  of 

kusas  Pass  and  Bay,  Tex.,  examination  of 

ber's  Hope  River,  Va.,  examination  and  survey  of., 
lansas,  Missouri,  and  Mississippi  Rivers,  operations 

f  snagboats  on 

[ansas  River,  at  Fort  Smithy  Ark.,  improvement  of., 
lansas  River,  at  Pine  Bluff,  examination  and  snr- 

eyof 

:ansas  River,  improvement  of,  above  Fort  Smith,  Ark. 
lansas  River,  from  Fort  Smith  to  mouth  of  Little 

jkansas,  examination  of 

ostook  River,  Me.,  examination  and  survey  of 

iland  Harbor,  Wis.,  examination  and  survey  of 

itabula  Harbor,  Ohio,  improvement  of 

bison,  Eans.  improvement  of  Missouri  River  at 

Sable  River  Harbor,  Mich.,  improvement  of 


timore  Harbor,  pier  and  bulkhead  lines,  report  on  . 

timore  Harbor,  improvement  of  entrance  to 

ren  River,  Ky.,  examination  and  survey  of 

h,  Me.,  improvement  at  the  gut  opposite 

talion  of  Engineers 

at  mouth  of  Bell  River,  Mich.,  examination  and 

jsurvey  of 

'  of  Si^erior,  improvement  of  natural  entrance  to. . . 

^eld  Harbor,  Wis.,  examination  and  survey  of 

'ou  Bartholomew,  Ark.,  examination  of 

'ou  Courtableauy  La.,  examination  and  survey  of... 

'ouDeglaize,  La.,  examination  and  survey  of 

'ou  La  Fourche,  La.,  improvement  of 

on  Pierre,  La.,  examination  of 

on  Teche,  La.,  examination  and  survey  of 
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Bay  on  Terrebonne,  La.,  examination  and  snrvey  of 

Bayou  Vermillion,  La.,  examination  and  survey  of 

Bayou  Wincey,  La.,  examination  of 

Bell  River,  Mich.,  bar  at  mouth  of,  resurvey  of 

Belfast  Harbor,  Me.,  improvement  of 

Benton  Harbor  Channel  of  Saint  Joseph  River,  Mich., 
examination  and  survey  of 

Bergen  Neck,  N.  J.,  survey  for  ship  canal  across 

Big  Sandy  River,  W.  Va.  and  Ky.,  improvement  of... 

Big  Sunflower  River,  Miss.,  examination  of 

Big  Sunflower  River,  Miss.,  improvement  of 

Black  Lake  Harbor,  Mich. ,  improvement  of 

Black  River  Harbor,  Ohio,  improvement  of 

Black  River.  Ark.,  examination  and  snrvey  of 

Black  Warrior  River,  Ala.,  improvement  of 

Blackwater  River,  Va. ,  improvement  of 

Block  Island,  R.  L ,  construction  of  harbor  at 

Bloody  Island,  examination  of  Mississippi  River  at 

Board  of  engineets  for  fortifications 

Board  of  engineers,  on  improvement  of  low- water  navi- 
gation of  the  Mississippi  and  Missouri  rivers 

Boston  Harbor,  Mass. ,  improvement  of 

Breton  Bay,  Md.,  improvement  of 

Brazos  River  and  Bar,  Tex. ,  examination  of 

Brazos  Santiago,  Tex.,  removing  obstructions  at 

Breakwater  at  Mackinac,  Mich.,  examination  and  sur- 
vey of - 

BreaKwater  at  Cleveland,  Ohio,  construction  of 

Breakwater,  near  New  Orleans,  La.,  estimate  for,  and 
survey  of - -- 

Broadkiln  River,  Del. ,  improvement  of 

Bridge  over  the  Mississippi  River  at  Rock  Island,  sheer- 
booms  for  piers  of - 

Bridges  over  the  Ohio  River 

Bridging  navigable  waters  of  the  United  States 

Bridgeport  Harbor,  Conn. ,  improvement  of 

Broad  Kiver,  S.  C,  examination  and  survey  of 

Broad  Creek,  examinatioix  and  survey  of. , 

Broad  Bay,  Va..  examination  and  survey  of 

Brunswick  Haroor,  Ga. .  improvement  of 

Buffalo  Harbor.  N.  Y.,  improvement  of 

Bulkhead  Rock,  Providence  River^  R.  I.,  removal  of.. 

Burlington,  Iowa,  improvement  oi  harbor  at 

Burlington  Harbor,  V t. ,  improvement  of 

G. 

Cabin  Creek,  Md.,  examination  of  channel  to 

Cahokia  Chute,  Biississippi  River,  opposite  Saint 
Louis,  closing  of 

Calumet  Harbor,  Ills. ,  improvement  of 

Caloosahatchie  River,  Fla. ,  examination  of 

Cambridge  Harbor,  Md.,  imptovement  of 

Campaigns  and  battle-fields,  preparation  of  maps  of .. 

Canal,  Louisville  and  Portland,  superintendence  and 
management  of.... 

Canal  at  Des  Moines  Rapids^Mississippi  River 

Canal,  Saint  Mary's  River,  Fla.,  and  Gulf  of  Mexico, 
survey  for .., 

Canal,  Saint  Mary's  Falls,  Mich.,  construction  of 

Canal  at  the  Cascades,  Columbia  River,  Oreg.,  con- 
struction of 

Canal  around  the  Dalles,  Columbia  River,  Oreg.,  ex- 
amination and  survey  for 

Canal  to  connect  Delaware  and  Chesapeake  Bays,  sur- 
yeyfoT 
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Canal  connecting  Galyeaton  and  Brazos  River,  Tex., 
snrveyfor 

Canarsie  Bay.  N.  T.,  examination  of , 

Caney  Fork,  Tenn.,  examination  of 

Caney  Fork,  Tenn.,  examination  and  enrvey  of 

Cape  Fear  River,  N.  C,  improvement  of  entrance  to .. 

Cape  Foul  weather,  Oreg.,  examination  of,  for  harbor 
of  refuge 

Cathanse,  Maine,  examination  and  survey  of 

Catawba  River,  N.  C.  and  S.  C,  for  survey  of 

Cedar  City,  Mo.,  examination  of  Missouri  River  at 

Cedar  iKeys  Harbor,  Fla.,  improvement  of 

Channel  between  Staten  Island  and  New  Jersey,  im- 
provement of 

Charles  River,  Mass.,  survey  of , 

Charleston  Harbor,  8.  C,  improvement  of 

Charlevoix  Harbor,  Mich^  improvement  of 

Charenton  Canal,  Saint  Mary's  Parish,  La.,  survey  for 

Charlotte  Harbor,  N.  Y. ,  improvement  of 

Charlotte  Harbor  and  Peas  Creek,  Fla.,  examination 
and  survey  of.... 

Chattahoochie  River,  Ga.,  above  Columbus,  survey  of 

Chattahoochie  River,  Ala.  and  Ga.,  improvement  of... 

Cheboygan  Harbor,  Mich.,  improvement  of 

Cheesequakes  Creek,  N.  J.,  examination  and  survey  of 

Chester  Harbor,  Pa.,  ice-harbor  at 

Chester  River,  Md.,  improvement  of,  at  Kent  Island 
Narrows .— 

Cheyenne  River,  Dak.^  examination  and  survey  of 

Chicago  Harbor,  HI.,  improvement  of 

Chickahominy  Kiver,  Va.,  improvement  of 

Chicasaha  River,  Miss.,  examination  of 

Chincoteagne  Inlet,  Ya.^  examination  and  survey  of. . . 

Chippewa  River,  Wis.,  improvement  of , 

Choctawhatchie  River,  Ala.,  examination  and  survey 
of 

Choctawhatchie  River,  Fla.  and  Ala.,  improvement  of. . 

Choptank  River,  Md.,  examination  and  survey  of 

Chowan  River,N.  C,  survey  of 

Cincinnati,  Ohio,  ice-harbor  at 

Clearwater  River,  Idaho,  examination  and  improve- 
ment of 

Cleveland  Harbor,  Ohio,  improvement  of 

Clinton  River,  Mich.,  resurvey  of 

Cocheco  River,  N.  H.,  improvement  of 

Cohansey  Creek,  N.  J.,  improvement  of 

Cold  Water  River,  Miss.,  improvement  ot 

Cold  Water  River,  Miss. ,  examination  of 

Colorado  of  the  West,  survey  of 

Columbia  River,  Greg.,  improvement  of  month  of 

Columbia  River,  Lower,  Oreff.,  improvement  of 

Columbia  River  at  the  Dalles,  Chreg.,  &c.,  examina- 
tion and  survey  of 

Columbia  River,  Upper,  and  Snake  River,  Greg.,  im- 
provement of 

Columbia  River,  Greg.,  canal  at  Cascades 

Columbia  River,  survey  of  bar  at  month  of 

Conecuh  River,  Ala.,  examination  of 

Conemangh  River,  Pa.,  examination  of 

Conneant  Harbor,  Ohio,  improvement  of 

Connecticut  River,  above  Hartford,  Conn.,  improve- 
ment of 

Connecticut  River,  below  Hartford,  Conn.,  improve- 
ment of 

Coos  Bay,  Greg.,  improvement  of 
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Coos  Bay,  Oreg.,  examination  of 

Coosa  Ki  ver,  Ga.  and  Ala.,  improvement  of 

Coosa  River  to  Wetnmpka,  Ala.,  examination  and  sur- 
vey of 

Coosawatt-ee  River,  Ga. ,  improvement  of 

Coqnille  River,  Oreg.,  survey  of 

Council  Bluffs^  Iowa,  improvement  of  Missouri  River  at. 

Corpus  Christi  Pass  and  Channel,  Tex.,  examtnation  of. 

Cowlitz  River,  Wash.,  &c.,  examination  and  survey  of. 

Crescent  City  Harbor,  Cal.,  examination  of 

Cuivre  River,  Mo.,  examination  and  survey  of 

Cumberland  River,  Ky. ,  survey  of  falls  of 

Cumberland  River,  Tenn.,  improvement  of 

Cumberland  Sound,  Fla.  and  Ga.,  entrance  to,  improve- 
ment of 

Currituck  Sound,  improvement  of 

Cypress  Bay  on,  Tex. ,  improvement  of 

D. 

Dan  River,  Va.,  examination  of 

Dan  River,  Va.,  from  Clarksville,  Va.,  to  Danbury,  N. 

C,  examination  and  survey  of 

Darien  Harbor,  Ga.,  improvement  of 

Davis'  Island,  Ohio  River,  movable  dam  at 

Defenses,  sea-coast  and  lake-frontier 

De^laize  Bayou,  La.,  examination  and  survey  of 

Delaware  Breakwater  Harbor 

Delaware  River: 

at  Cherry  Island  Flat«,  improvement  of 

at  Chester  and  Marcus  Hook,  Pa.,  examination  and 
survey  of 

at  Schooner  Lodge,  improvement  of 

below  Bridesburg,  Pa.,  improvement  of 

below  League  Island,  survey  of 

between  Irenton  and  White  Hill,  N.  J.,  improve- 
ment of.. 

Des  Moines  Rapids  Canal,  Mississippi  River 

Detroit  River,  Mich.,  improvement  of 

Dubuque,  Iowa,  improvement  of  harbor  at 

Duck  Creek,  Del.,  examination  of 

Puck  River  to  Centreville,  Tenn.,  examination  and  sur- 
vey of.. 

Duluth  Harbor,  Minn.,  improvement  of 

Dunkirk  Harbor,  N.  Y.,  improvement  of 

Duties  and  rank  of  officers  of  the  Corps  of  Engineers. . . 

£• 

Eagle  Harbor,  Mich. ,  improvement  of 

East  Chester  Creek,  N.  Y.,  improvement  of 

East  River,  N.  Y.,  removal  of  obstructions  from 

Echo  Harbor,  New  Rochelle,  N.  Y.,  improvement  of  .. . 

Eden  ton  Harbor,  N.  C,  improvement  of 

Elk  River,  W.  Va.,  improvement  of 

Elizabeth  River,  N.  J.,  examination  of 

Elizabeth  River,  N.  J. ,  improvement  of 

Elizabeth  River,  Va.,  improvement  of  south  branch  of. 

Engincer-depot« 

Entrance  to  Cumberland  Sound,  Fla.  and  Ga.,  improve- 
ment of 

jErie  Harbor,  Pa.,  improvement  of 

Escambia  River,  Ala.  and  Fla.,  examination  of 

Etowah  River,  Ga.,  improvement  of 

Etowah  River,  Ga.,  examination  of 


Page. 


PartL 


182 

1791 

140 

1269 

106 

141 

1271 

lrt3 

1806 

124 

1076 

112 

928 

183 

180 

1785 

133 

142 

1279 

138 

1264 

99 

792 

90 

693 

113 

957 

88    652 


88 

97 

763 

143 

1299 

4 

112 

74 

453 

71 

436 

75 

71 

433 

70 

423 

75 

485 

69 

420 

133 

1151 

168 

1650 

132 

1140 

75 

470 

142 

149 

1465 

174 

1715 

191 

151 

1480 

63 

388 

61 

375 

63 

389 

91 

696 

80 

555 

75 

481 

67 

89 

679 

39 

99 

792 

173 

1707 

106 

852 

141 

1272 

142 

Partn. 


Partm. 


INDEX. 


Subject. 


Explorations,  geological,  &xi,,  40th  parallel,  completion 
of 

Explorations,  geographical,  &c.,  west  of  100th  meridian. 

Explorations  and  reconnaissances 

Explorations  and  surveys  in  Division  of  the  Missouri  . . 
Explorations  and  surveys  in  Department  of  the  Platte. 
Explorations  and  surveys  in  Department  of  the  Missouri . 

Explorations  and  surveys  in  Department  of  Dakota 

Explorations  and  surveys  in  Division  of  the  Pacific 

Explorations  and  reconnaissances,  estimates  for 
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F. 

Fairport  Harbor  (Grand  River),  Ohio,  improvement  of 

Falls  of  the  Cumberland  River,  Ky.,  survey  of , 

Falls  of  Saint  Anthony,  Minn.,  preservation  of 

Falls  of  the  Ohio  River,  improvement  of  navigation  at 

Feather  and  Sacramento  rivers,  Cal.,  improvement  of.. 

Flint  River,  Ga.,  improvement  of 

Flint  River,  Ga.,  survey  of  Upper 

Flashing  Bay,  N.  Y.,  examination  of , 

Flushing  Bay,  N.  Y.,  improvement  of 

Fort  Columbus,  New  York  Harbor,  sea-wall  at  Gov- 
ernor's Island 

Fort  Delaware,  damage  by  storms  at 

Fort  Leavenworth,  Kans.,  improvement  of  Missouri 
River  at 

Fort  Madison,  Iowa,  improvement  of  harbor  at 

Fort  Mifflin,  Delaware  River,  damage  by  storms  at 

Fort  Smith,  Ark.,  improvement  of  i^kansas  River  at. .. 

Fortifications 

Fourohe  la  F^ve,  Ark.,  examination  of 

Fourche  la  F^ve,  Ark.,  improvement  of 

Fox  and  Wisconsin  rivers,  improvement  of 

Frankfort  Harbor,  Mich.,  improvement  of 

French  Broad  River,  N.  C,  improvement  of 

O. 

Galena  River  and  Harbor,  111.,  improvement  of 

Galveston  Bay,  ship-channel  in,  improvement  of 

Galveston  Harbor,  Tex.,  improvement  of  entrance  to.. 

Gasconade  River,  Mo.,  examination  and  survey  of 

Geographical  explorations  and  surveys  west  of  100th 
meridian 

Geological  exploration  40th  parallel,  completion  of 

(Georgetown  and  Washington  Harbors,  D.  C,  improve- 
ment of 

Glasgow,  Mo.,  improvement  of  Missouri  River  at 

Grand  Haven  Harbor,  Mich.,  improvement  of 

Grand  Marias,  Minn.,  improvement  of  harbor  at 

Grand  River  (Fairport)  Harbor,  Ohio,  improvement  of. 

Great  Kanawha  River,  W.  Va.,  improvement  of 

Great  Sodus  Harbor,  N.  Y.,  improvement  of 

Green  Bay  Harbor,  Wis. ,  improvement  of 

Green  River,  Ky.,  examination  and  survey  of 

Guyandotte  River,  W.  Va.,  improvement  of 

Hampton  River,  Va. ,  improvement  of 

Harbor  of  refuge  at  Portage  Lake,  survey  and  im- 
provement of .• 

Harbor  of  refuge,  Lake  Huron 
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1749 


10G3 
1139 
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1531 

1601 


1146 


1977 
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1618 
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1729 
1486 

1347 


1634 
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INDEX. 


Subject. 


Harbor  of  refiige  near  Cinciniiati,  Ohio,  construction 
of 

Harbor  of  refuge  entrance  to  Portage  Lake,  and  Lake 
Superior  ship-canal,  examination  and  survey  of 

Harbor  of  refuge,  Sturgeon  Bay  Canal,  Wis.,  construc- 
tion of 

Harlem  River,  N.  Y.,  improvement  of 

Hell  Gate,  N.  Y.,  improvement  of  navigation  at 

Hiawassee  River,  Tenn.,  improvement  of 

Hillsborough  River,  Fla.,  examination  of  mouth  of 

Housatonic  River,  Conn.,  improvement  of. 

Hudson  River,  N.  Y.,  improvement  ofl 

Humboldt  River.  Cal ,  examination  of 

Huron  Harbor,  Ohio,  improvement  of 

Hyaunis  Harbor,  Mass.,  improvement  of 

I. 

Ice  harbor  at  Cincinnati,  Ohio,  construction  of 

Ice  harbor  at  mouth  of  Muskingum  River 

Illinois  River,  improvement  of 

niinois  River,  examination  and  survey  of 

Inside  passage  between  Femandina  and  Saint  John's 
River,  Fla.,  improvement  of.... 

J. 

James  River,  Va.,  improvement  of 

Jonesport,  Me.,  examination  of  Moosebeck  Bar  at 

Jetties  at  mouth  of  Saint  John's  River,  Fla.,  project 
for 

Kanawha  River,  Great,  improvement  of 

Kanawha  River,  Little,  improvement  of 

Kankakee  River,  111.  and  Ind.,  survey  of 

Kansas  River,  examination  of  Missouri  River  at  mouth 

of 

Kansas  River,  Kans.,  examination  of 

Kansas  City,  Mo.,  improvement  of  Missouri  River  at... 

Kennebunk  River,  Me.,  improvement  of 

Kenosha  Harbor,  Wis. .  improvement  of 

Kent  Island  Narrows,  Md.,  improvement  of 

Kentucky  River,  Ky.,  survey  of 

Kentucky  River,  Ky, ,  improvement  of dy.... 

Kiskiminetas  River,  Pa.,  examination  of 

I.. 

La  Crosse,  Wis.,  improvement  of  Mississippi  River  at.. 

Lake  Bayou  Pierre,  La. ,  examination  of 

Lake  Cannasanier,  La. ,  examination  of 

Lake  harbors  and  rivers 

Lakes,  Northern  and  Northwestern,  survey  of 

L'Anguille  River,  Ark.,  improvement  of 

Laws  of  Forty-fifth  Congress,  third  session,  and  of 
Fortj^-sixth  Congress,  firat  session,  affecting  Corjis  of 
Engineers 

Levees  on  the  Mississippi  River,  report  on  the  effect  of 
a  continuous  system  wr 

Leonard  town  Harbor,  Md.,  improvement  of 

Lewes,  Del.,  construction  of  piers  at.... 

Licking  River,  Ky. ,  examination  of 

Lincoln ville  Harbor,  Mo.,  survey  of 

Lin  Haven  Bay,  Va.,  examifiatiou  and  survey  of 
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194 

115 
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43 
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83 

600 

73 

445 

147 

1422 

52 

275 

95 

1891 


INDEX. 


Subject. 


Liink  Horn  Bay,  Va.,  examination  and  survey  of 

Little  Kanawha  River,  W.  Va.,  improvement  of 

Ldttle  Kanawha  River,  month  of,  for  ice  harbor,  ex- 
amination and  survey  of 

Liittle  Narragansett  Bay,  R.  I.  and  Conn.,   improve- 
ment of 

Ldttle  River,  Ark.,  examination  of 

Liittle  Sodas  Harbor,  N.  T.,  improvement  of 

Liockwood's  Folly  River,  N.  C,  examination  and  survey 
of 

Long  Island  eoast,  N.  Y.,  examination  of,  between 
Rmskaway  and  Coney  Island 

Lionisville  and  Portland  Canal,  superintendence  and. 
management  of 

Lower   Willamette  and   Columbia  rivers,  Oreg.,  im- 
provement of 

Labeo  Channel,  Me.,  improvement  of 

Labec  Channel,  Me. ,  survey  of 

Ladington  Harbor,  Mich.,  improvement  of 

in. 

Manasquan  River,  N.  J.,  examination  of 

Manasqnan  River,  N.  J.,  improvement  of 

Manistee  Harbor,  Wis.,  improvement  of 

Manitowoc  Harbor,  Wis. ,  improvement  of 

Maps,  military,  geographical,  and  lake  survey,  prepara- 
tion of 

Maps  of  campaigns  and  battle-fields,  report  on 

Mackinac  Breakwater,  Mich.,  examination  and  survey 

of 

Marcus  Hook  Harbor^  Pa.,  improvement  of 

Marquette  Harbor,  Mich.,  improvement  of 

Matagorda  Bay,  Tex.,  improvement  of  entrance  to 

Meeker's  Island,  Minn.,  lock  and  dam  at ^. 

Memphis,  Tenn.,  protection  of  water  front  of 

Menomonee  Harbor,  Mich,  and  Wis.,  improvement  of.. 

Merrimac  River,  Mass.,  improvement  of 

Michigan  City  Harbor,  Ind.,  improvement  of 

Milfora  Harbor,  Conn. ,  improvement  of 

Milwaukee  Harbor,  Wis. ,  improvement  of 

Minnesota  River,  improvement  of 

Mispillion  Creek,  DeL,  examination  of 

Mississippi,  Missouri,  and  Arkansas  Rivers,  operations 

of  snagboats  on 

Mississippi  River: 

above  the  Falls  of  Saint  Anthony,  improvement  of. 

at  Alexandria,  Mo.,  examination  of 

at  Bloody  Island,  examination  of 

at  Burlington,  Iowa,  improvement  of 

at  Des  Moines  Rapids,  improvement  of 

at  Dubuque,  Iowa,  improvement  of 

at  Falls  of  Saint  Anthony,  improvement  of 

at  Fort  Madison^  Iowa,  improvement  of 

at  La  Crosse,  Wis.,  improvement  of 

at  Meeker's  Island,  improvement  of 

at  Muscatine,  Iowa,  improvement  of 

at  Quincy,  Ul.,  examination  of ^ 

at  Quincy,  111.,  improvement  of 

at  Rock  Island  Rapids,  improvement  of 

at  Venice,  HI.,  examination  of 

between  tne  mouths  of  the  Illinois  and  Ohio  Rivers, 
improvement  of 

from  Des  Moines  Rapids  to  the  mouth  of  Illinois 
River,  deepening  cnannel  of 
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151 

1482 
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160 
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58  341 

155 

1523 

135 
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120 
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134 
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133 
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120 

1045 

131 
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133 

1151 

132 

1140 

134 

1159 

132 
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130 
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134 

1168 

131 
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133 
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130 
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131 

1132 

120 

118 

1023 

130 
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Subject. 


Mississippi  River: 

from  Saint  Paul  to  Des  Moines  Rapids,  deex>eDing 
channel  of 

from  Saint  Panl  to  Falls  of  Saint  Anthony,  exami- 
nation and  sHrvey  of 

opposite  mouth  of  Missoori,  examination  and  sur- 
vey of 

reservoirs  at  sources  of,  survey  for 

improvement  of  low-water  navigation  of,  below 
Cairo , 

report  on  continuous  levee  system  for 

survey  of 

Upper,  improvement  of,  operations  of  snagboat..., 
Missouri,  Mississippi,  and  Arkansas  Rivers,  operations 

of  sna^boats  on , 

Missouri  River : 

above  the  mouth  of  the  Yellowstone,  improvement 
of 

at  Atchison,  Kans.,  improvement  of «. 

at  Cedar  City,  Mo. ,  examination  of 

at  Cedar  City,  Mo.,  improvement  of 

at  Fort  Leavenworth,  Kans.,  improvement  of 

at  Glasgow,  Mo.,  improvement  of 

at  junction  of  Kansas  River,  examination  of 

at  Kansas  City,  Mo.,  improvement  of , 

at  Nebraska  City,  Nebr.,  improvement  of 

at  Omaha,  Nebr.,  improvement  of 

at  Saint  Charles,  Mo.,  examination  for  improve- 
ment  

at  Saint  Joseph,  Mo.,  improvement  of 

at  Sioux  City,  Iowa,  improvement  of 

at  Vermillion,  Dak.,  improvement  of , 

survey  of,  from  its  mouth  to  Sioux  City,  Iowa. .... 

remarks  on  improvement  of 

Mobile  Harbor,  Ala.,  improvement  of , 

Monongahela  River,  improvement  of 

Mount  Vernon,  Va.,  improvement  of  channel  at 

Monroe  Harbor,  Mich. ,  improvement  of 

Moosebec  Bar,  Jonesport,  Me.,  examination  and  survey 

of , 

Morristique  River,  Mich.,  examination  and  survey  of., 

Movable  dam  at  Davis  Island,  Ohio  River 

Movable  dam,  Upper  Fox  River,  Wis.,  project  for 

Muddy  River,  Ky.,  examination  and  survey  of 

Muskegon  Harbor,  Mich.,  improvement  of 

Muskingum  River,  Ohio,  examination  of 

Muscatine,  Iowa,  improvement  of  harbor  at 

n. 

Nansemond  River,  Va.,  improvement  of 

Nantucket  Harbor,  Mass.,  examination  and  survey 
of 

Narragansett  Bay,  R.  I.,  improvement  of 

Nauticoke  River,  Del.  and  Md.,  examination  and  sur- 
vey of 

Nebraska  City,  Nebr.,  improvement  of  Missouri  River 
at 

Natchez,  Miss. ,  protection  of  harbor  at 

Neches  River,  Tex.,  improvement  of 

Neches  River,  Tex.,  examination  and  resurvey  of 

Neuse  River,  N.  C,  examination  of 

Neuse  River,  N.  C,  improvement  of 

New  Bedford  Harbor,  Mass.,  improvement  of 

New  Buffalo  Harbor,  Mich.,  improvement  of 

Ne wburyport  Harbor,  Mass. ,  improvement  of 
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1007 
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52 

155 

143 
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147 

163 

1615 

147 

1364 

131 

1136 
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Subject. 


New  Castle,  Del.,  ice-harbor  at 

New  Haveu  Harbor.  Conn.,  improvement  of 

New  Orleans,  La.,  improvement  of  liarbor  at 

New  River,  Va.  and  West  Va.,  improvement  of 

New  Eiver,  Va.  and  West  Va.,  snrvey  of 

New  Rochelle,  N.  T.,  improvement  at 

Newtown  Creek,  N.  Y.,  examination  of,  at  jonction  with 
East  River 

Nomini  Creek,  Va.,  improvement  of 

Norfolk  Harbor,  Va. ,  improvement  of 

Northeast  River,  Md.,  examination  and  survey  of 

North  Landing  River,  Va.,  examination  of 

North  Landing  River,  Va.  and  N.  C,  improvement  of.. 

Norwalk  Harbor,  Conn. ,  improvement  of 

North  River  Bar,  Curritack  Sonnd,  N.  C,  improve- 
ment of  

Nottoway  River,  Va.,  examination  and  survey  of 

Noxubee  River,  Miss.,  examination  and  survey  of 

Oakland  Harbor,  San  Francisco  Bay,  Cal.,  improve- 
ment of 

Oak  Orchard  Harbor,  N.  Y.^  improvement  of. 

Obey's  River,  Tenn.,  examination  of 

Occoqnan  River,  Va. ,  improvement  of 

Ocmmgee  River,  Ga. ,  improvement  of 

Oconee  River,  Qa.,  improvement  of 

Oconto  lUver,  Wis.,  examination  and  survey  of 

OfiQce  of  the  Chief  of  Engineers 

Officers  of  the  Corps  of  Engineers,  number  of,  duties  of. 

Ogdensburg  Harbor,  N.  Y.,  resurvey  of 

Ogdensburg  Harbor,  N.  Y.,  improvement  of 

Ohio  River  and  month  of  Little  Kanawha  River,  W. 
Va.,  for  ice-harbor,  &^,,  examination  and  survey  of. 

Ohio  River,  improvement  of 

Ohio  River,  improvement  of  Falls  of 

Olcott  Hari)or,  N.  Y.,  improvement  of 

Omaha,  Nebr.,  improvement  of  Missouri  River  at 

Onancock  Harbor,  Va.,  improvement  of 

Onancock  Harbor,  Va.,  examination  of 

Ontonagon  Harbor,  Mich.,  improvement  of 

Oostenaula  River,  Ga. ,  improvement  of 

Osage  River.  Mo.  and  Kans. ,  improvement  of 

Oswego  Haroor,  N.  Y,,  improvement  of 

Otter  Creekj  Vt.,  improvement  of. 

Ouachita  River,  Ark.  and  La.,  improvement  of 

Outlet  of  Lake  Winnepesaukee,  N.  H.,  examination 
and  survey  of 

Outlet  to  Wolf  Lake,  Ind.,  examination  and  resurvey  of. 

F. 

Pamlico  River,  N.  C,  improvement  of 

Pamunkey  River,  Va.,  examination  and  survey  of 

Pascagoula  River,  Miss.,  examination  of 

Pasoagoula  River,  Miss.,  improvement  of 

Passaic  River,  N.  J.^  improvement  of. 

Pass  Cavallo,  Tex.,  improvement  of 

Patapsco  River,  Md.,  improvement  of 

Patapsco  River,  Md.,  West  Branch,  survey  for  improve- 
ment of 

Patsalico  River,  Ala. ,  examination  of 

Pawtucket  River,  R.  L,  improvement  of 

Pea  River,  Ala.,  examination  and  survey  of. 
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INDEX. 


Subject. 


Pearl  River,  Miss.,  examination  of 

Pearl  River,  Miss.,  improvement  of. 

Pee  Dee  River,  N.  C,  examination  of 

Pee  Dee  River,  S.  C,  examination  and  survey  of 

Penobscot  River,  Me.,  improvement  of 

Pensacola  Harbor,  Fla. ,  improvement  of 

Pentwater  Harbor,  Mich.,  improvement  of 

Pere  Marquette  Harbor,  Mich,  (see  Ludington) 

Perquimans  River,  N.  C.,  improvement  of 

PetaLuma  Creek,  Cal.,  examination  and  survey  of 

Plattsburgh  Harbor,  N.  Y.,  improvement  of 

Pier  and  bulkhead  lines  of  Baltimore  Harbor,  report  on . 

Plymouth  Harbor,  Mass.,  improvement  of 

Pocomoke  River,  Md. ,  improvement  of 

Port  Chester  Harbor,  N.  Y.,  improvement  of 

Port  Clinton  Harbor,  Ohio,  improvement  of 

Port  Jefferson  Harbor,  L.  I.,  N.  Y.,  improvement  of. 

Portland  Harbor,  Me. ,  improvement  of 

Port  Orford,  Ores.,  examination  of,  for  harbor  of  refuge. 

Portsmouth  Harbor,  N,  H.,  survey  of 

Portsmouth  Harbor,  N.  H. ,  improvement  of 

Port  Royal  River,  S.  C,  examination  and  survey  of 

Port-warden's  line  at  Pniladelphia 

Port  Washington  Harbor,  Wis.,  improvement  of. 

Providence  Kiver,  R.  I. ,  improvement  of 

Provincetown  Harbor,  Mass.,  improvement  of 

Public  Buildings  and  Grounds,  District  of  Columbia... 
Pultneyville  Harbor,  N.  Y.,  improvement  of 

Quincy,  His.,  examination  of  Mississippi  River  at 

Quincy,  Ills,  improvement  of  Mississippi  River  at 

Queenstown,  Md.,  improvement  of  harbor  at 

R. 

Racine  Harbor,  Wis.,  improvement  of 

Rahway  River,  N.  J.,  improvement  of , 

Rahway  River,  N.  J.,  examination  of 

Rappahannock  River,  Va.,  improvement  of 

Rantan  River,  N.  J.,  improvement  of 

Reconnaissances  and  explorations 

Red  River^  La. : 

exammation  for  improvement  of  falls  of 

improvement  of  upper 

examination  of  upper 

improvement  of  mouth  of 

removing  snags  from 

Red  River  R^,  La.,  removal  of. 

Red  River  of  the  North,  improvement  of 

Reedy  Island,  Delaware  River,  ice  harbor  at 

Reservoirs  at  sources  of  Mississippi  River,  survey  for  . . 

Richmond's  Island^  Me.,  harbor  of  refuge  at 

River  and  harbor  improvements 

Roanoke  River,  N.  C,  improvement  of 

Rock  Island  Brid^,  sheer-booms  at 

Rock  Island  Rapids,  Mississippi  River,  improvement  of 

Rogue  Riv%r,  Oreg.,  examination  of 

Rondout  Harbor,  N.  Y.,  improvement  of 

S. 

Sabine  Pass,  Tex.,  improvement  of 

Sabine  River,  Tex.,  improvement  of 
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Subject. 


Sabine  River,  Tex.,  examination  and  resorvey  of » 

Sacramento  and  Feather  rirers,  Cal.,  improvement  of  . 
Sacramento  River^  CaL,  examination  ana  survey  of  .... 

Saginaw  River,  ^uch. ,  improvement  of 

Saint  Anthony,  preservation  of  Falls  of 

Saint  Angostine  Creek,  Ga.,  improvement  of  .... ...... 

Saint  Charles,  Mo.,  examination  of  Missouri  River  at.. 

Saint  Clair  Flats  snip-canal,  Mich 

Saint  Clair  River  at  the  mouth  of  Black  River,  Mich., 

improvement  of 

Saint  Croix  River,  Me.,  improvement  of 

Saint  Croix  River,  Wis.,  improvement  of 

Saint  John's  River  and  Femandina,  Fla.,  deepening 

inside  passage  between 

Saint  John's  River,  Fla. ,  examination  of  upper 

Saint  John's  River,  Fla.,  survey  and  improvement  of 

bar  at  month  of 

Saint  Joseph.  Mo.,  improvement  of  Missouri  River  at .. 

Saint  Joseph's  Harbor,  Mich.,  improvement  of 

Saint  Joseph  River,  Mich. ,  from  mouth  to  Elkhart,  Ind., 

examination  and  survey  of 

Saint  Louis  Harbor,  Mo.,  improvement  of 

Saint  Mary's  Falls  Canal,  Mich.,  construction  of 

Saint  Mary's  Falls  Canal,  approaches  to,  survey  of 

Salem  River,  N.  J.,  improvement  of 

Salem  River,  N.  J.,  survey  and  examination  of 

Saline  River,  Ark.,  examination  of 

San  Buenaventura  Harbor,  CaL,  examination  of 

San  Diego  Harbor,  CaL,  improvement  of 

Sandusky  City  Harbor,  Ohio,  improvement  of 

San  Joaquin  River.  Cal.,  im]^rovement  of 

San  Luis  Obispo,  Cfal.,  exammation  of  harbor  at 

Santa  Barbara  Harbor,  CaL,  examination  of 

Santee  Riv^  S.  C,  examination  and  survey  of 

Saugatuck  Harbor,  Mich.,  improvement  of 

Savannah  Harbor  and  River,  Ga.,  improvement  of  .... 

Savannah  River,  Ga.,  survey  of^  above  Augusta 

Savbrook  Bar,  mouth  of  Connecticut  River,  jetty  at .. . 

Scnnylkill  River,  Pa.,  improvement  of 

Scituate  Harbor,  Mass.,  survey  of 

Scuppemong  River,  N.  C,  improvement  of 

Sea-coast  and  lake-frontier  defenses 

Sebewaing  Harbor,  Mich.,  resurvey  of 

Secretary  Creek,  Md.,  examination  and  survey  of 

Seekonk  River,  R.  L,  improvement  of 

Sheboygan  Harbor^  Wis. ,  improvement  of 

Sheepshead  Bay,  N;  Y.,  examination  of 


a.,  examination  and 


Sheer-booms  at  Rock  Island  Bridge,  construction  of. 
Shenandoah  River,  Va.  and  W.  Vi 
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survey  for , 
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of  Mexico,  survey  for 

Shrewsbury  River,  N.  J.,  improvement  of 

Sioux  City,  Iowa,  improvement  of  Missouri  River  at.. 

Sipsey  River,  Ala.,  examination  and  survey  of 

Slaughter  Creek,  Md.,  examination  and  survey  of . .... 
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Snake  River,  Wash.,  improvement  of 
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Sodus  Harbor,  K.  Y.,  Little,  improvement  of 
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South  Haven  Harbor,  Mich.,  improvement  of. 

South  River.  N.  J.,  examination  and  survey  of 

Southport  Harbor,  Conn.,  improvement  of 

Staten  Island,  N.  Y.,  improvement  of  New  Jersey  Chan- 
nel  

Staunton  River,  Ya. ,  improvement  of 

Staunton  River,  Va.,  examination  of 

Stonington  Harbor,  Conn.,  improvement  of 

Sturgeon  Bay  Canal,  Wis.,  harbor  of  refuge  at 
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Surveys  and  examinations  for  improvement  of  rivers 
and  harbors,  estimates  for 

Surveys  and  explorations  AOth  parallel,  completion  of . . 

Surveys  and  explorations  west  of  the  100th  meridian.. . 
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Two  Rivers  Hari>or,  Wis. ,  improvement  of 
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Umpqua  River,  Oreg.,  &c.,  examination  and  survey  of. 
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Upper  Mississippi  River,  improvement  of 
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Venice.  111. examination  of  Mississippi  River  at 

Vermillion  Harbor,  Ohio,  improvement  of... 

Vicksbnrg,  Miss.,  improvement  of  harbor  at 

Vermillion,  Dak.,  improvement  of  Missouri  River  at ... 

Wabash  River,  Ind.,  improvement  of 

Waccamaw  River,  N.  C,  survey  of 
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Wareham  Harbor,  Mass. ,  improvement  of 

Warrior  River,  Ala.,  examination  and  survey  of 

Washington  and  Georgetown  Harbors,  D.  C,  improve- 
ment of 

Washington  Aqueduct,  D.  C 

Wateree  River,  S.  C,  examination  and  survey  of 

Water  communication  between  Gulf  of  Mexico  and  At- 
lantic Ocean,  survey  for 

Water  communication  between  Norfolk,  Ya.,  and  the 
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and  survey  of 
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